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Rautrax-N lowers high blood pressure gently, 
gradually ... protects against sharp fluctuations 
in the normal pressure swing. Rautrax-N com- 
bines Raudixin, the cornerstone of antihyperten- 
sive therapy, with Naturetin, the new, safer 
diuretic-antihypertensive agent. The comple- 
mentary action of the components permits a 
lower dose of each thus reducing the incidence 
of side effects. The result: Maximum effective- 
ness, minimal dosage, enhanced safety. Rautrax-N 
also contains potassium chloride — for added 
protection against possible potassium depletion 
during maintenance therapy. 


Supply: Rautrax-N — capsule-shaped tablets — 
50 mg. Raudixin, 4 mg. Naturetin, and 400 mg. 
potassium chloride. Rautrax-N Modified — cap- 
sule-shaped tablets—50 mg. Raudixin, 2 mg. 
Naturetin, and 400 mg. potassium chloride. For 
complete information write Squibb, 745 Fifth 
Avenue, New York 22, N. Y. 


Squibb Standardized Whole Root Rauwolfia Serpentina (Raudixin) 
and Benzyd hiazide (*Naturetin) with Potassium Chloride SQuiss 
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Ww AL DACT ON. H | 


IN EDEMA 


Because it acts by regulating a basic physiologic imbalance, 
| Aldactone possesses multiple therapeutic advantages in treating ' 
edema. 
) Aldactone inactivates a crucial mechanism producing and 
maintaining edema — the effect of excessive activity of the 
potent salt-retaining hormone, aldosterone. This corrective ac- 
tion produces a satisfactory relief of edema even in conditions 
wholly or partially refractory to other drugs. 
Also, Aldactone acts in a different manner and at a different 
site in the renal tubules than other drugs. This difference in 
action permits a true synergism with mercurial and thiazide 
diuretics, supplementing and potentiating their beneficial 
effects. 
Further, Aldactone minimizes the electrolyte upheaval often 
caused by mercurial and thiazide compounds. 
The accompanying graph shows a dramatic but by no means 
unusual instance of the effect of Aldactone in refractory edema. 
The usual adult dosage of Aldactone, brand of spironolactone, 
is 400 mg. daily. Complete dosuge information is contained in 
Searle New Product Brochure No. 52. 
SUPPLIED: Aldactone is supplied as compression-coated 
yellow tablets of 100 mg. 
6.D. SEARLE «co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


Mrs. L. S., Congestive Heart Failure 
140 
ole 
120 | 
$50 me 
KCI 3 gm./24 hes. lysine HCl 30 gm./24 hrs. N 
NH.Cl 6 gm./24 hrs. | prednisone 10 mg./24 hrs. 
hydrochlorothiazide 100 mg,/24 hrs. 
maintained on digitalis 
45 58 days 
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new 
“Flavor-timed”’ 


dual-action 
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vasodilator 
J TRADEMARK 5 
ORAL; 


for Sustained vasodilation and 
protet ion: anginal attack 4 


for Immediate from anginal pain 


DILCORON contains two efficient vasodilators 
ina unigue ket tablet. 

Glycery! trinitrate (nitroglycerin)—O. 4 150 grain) 
is in the outer jacket—held under the tongue until 

the citrus disappears provides 

rapid relief in or attack. 


4 rr? middle layer of the tablet is 
the citrus ‘flavor-timer.” 

Pentaerythritoi —15 mg. (1/4 grain) is. in the 

inner core--swallowed for slow enteric 

absorption and lasting protection. 


For continuing prophylacis patients may 
swallow the entire Dilcoron tablet. 


Average prophylactic dosé: 1 tablet four times daily. 


Thera peutic dose: 1 tablet held under the tongue 
until citrus flavor disappears, then swallowed. 
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The American Journal of Cardiology 


Volume VI NOVEMBER 1960 Number 5 
CONTENTS 

Editorial 


Clinical Studies 


Five Year Survival of Consecutive Patients with Malignant Hypertension Treated with 
Antihypertensive Agents . . .MAuRICE SOKOLOW AND DoROTHEE PERLOFF 


Treatment with ganglionic blocking agents lengthens the life of patients with malignant hypertension 
and sometimes completely reverses the malignant process. The initial renal function remains an im- 
portant prognostic sign, but renal impairment is not a contraindication to therapy with these drugs. 


Cardiac Insufficiency in Chronic Alcoholism. GrorcE E. BurcH AND JoHN J. WALSH 


Spurred by the frequent worldwide coexistence of malnutrition and heart disease, these investigators 
report their experience with patients suffering from myocardial disease probably induced by chronic 
alcoholism. They consider the possibility that alcohol may exert a direct toxic effect on the heart. 
The clinical picture of these patients varied from that of classic beriberi heart disease to nonspecific 
heart failure. 


Cardiovascular Findings in Children with Sickle Cell Anemia 
HERBERT SHUBIN, RUEBIN KAUFMAN, MorsE SHAPIRO AND Davip C. LEVINSON 


Clinical and catheterization data in seven children with sickle cell anemia help to explain the cardio- 
vascular phenomena associated with this anemia. The cardiac and stroke indices were high. The 
increased pulmonary blood flow is the most likely cause for the systolic murmurs heard in these children. 


Progesterone in Congestive Heart Failure and Hepatic Cirrhosis. Effects on Water 
and Electrolyte Metabolism. PAULO DE PAULA E SiLvA, REINALDO CHIAVERINI, 
MatTHEvus PAPpALEO NETTO AND ALEXANDRE L. M. LourRENCO 


By antagonizing the action of aldosterone on water and salt reabsorption in the renal tubules, proges- 
terone produced an increased excretion of sodium greater than that of water, chloride and potassium 
in four patients with congestive heart failure and one with cirrhosis of the liver. 


The Electrocardiogram in Thyrotoxicosis. IRwin HoFFMAN AND Rosert D. Lowrey 


The electrocardiograms of 123 patients with thyrotoxicosis showed a significant increase of generalized 
ST-T changes, shortening of the Q-Tc interval, prolongation of the P-R interval and distinctive transitory 
T wave abnormalities which apparently were due to neurohumoral factors. 
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prevents anginal pain** 
a r a @ increases exercise tolerance*** 
reduces nitroglycerin requirements** 
A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtua! abolition of 
the anginal state. With Marplan, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 


is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marpian therapy. Consult literature and dosage information, available on request, before prescribing. 


References: 1. W. Hollander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B. Saunders Co, 1959, oe x ROGHE 


p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, 
1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. LABORATORIES. 
Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Suppl.), 101, 1960. Division of Hoftmann-La Roche Inc. 
MARPLAN® — hydrazine 
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Electrocardiographic Changes Following the Administration of Thyroid Stimulating 
Hormone (Thyrotropin) 
SAuL P. BAKER, MiLToN LANDOWNE AND GEORGE W. GAFFNEY 


The administration of 25 mg. of thyroid stimulating hormone produced electrocardiographic evidence 
of transient changes in myocardial irritability and repolarization in three of five men. 


Retrograde Catheterization of the Left Ventricle in Aortic Stenosis 
A. M. GruNpEMANN, G. A. C. Boscn, E. J. M. ScHWANT]E, 
G. A. Reins AND A. P. M. VERHEUGT 


Retrograde catheterization of the left ventricle through the right brachial artery was accomplished 
successfully in 77 per cent of 150 patients suspected of having aortic stenosis. No complications or 
mortality occurred. 


An Electrocardiographic Study of High Take-Off of the seat )-T Segment in Right 
Precordial Leads. Altered Repolarization . . Huco RoEsLER 


An abnormal electrocardiographic pattern of altered repolarization characterized by elevated R(R’)-T 
segment over the right side of the precordium may be misinterpreted as evidence for acute myocardial 
injury in patients with normal hearts. It may be a normal physiologic variant. 


Gout Cardiac Pain 
MENAHEM FRANK, ANDRE DE VRIES AND ABRAHAM ATSMON 


Recurrent chest pain in gouty patients is too often erroneously attributed to cardiac causes when deposits 
of uric acid in the ribs or costochondral junctions may be responsible. Such pain responds to colchicine 
but not to nitrites. Gout should be included in the differential diagnosis of chest pain. 


Eight-Hourly Prothrombin Responses after Induction Dose of Coumadin (War- 
farin) Sodium . . . . . BARKER AND R. RANGEL 
This study confirms the predictability of action and the effectiveness of warfarin as an anticoagulant 


agent. 


Bilateral Ligation of the Internal Mammary Artery in the Treatment of Angina 
Pectoris. Experimental and Clinical Results . . . .RoBert P. GLOVER, 
J. Roperick KiTcHELL, JuLio C. DAviLa AND Howarp T. BARKLEY, JR. 


In dogs bilateral ligation of the internal mammary arteries did not change the collateral circulation of the 
heart. In 239 humans with angina pectoris subjected to this operation 63 per cent experienced slight 
to marked improvement. The investigators attribute the benefits to a mechanism as yet unknown. 


Experimental Studies 


Ligation of Internal Mammary Arteries as Related to the Coronary Artery Circulation 
RarmunD G. RuEGER, Davin S. LEIGHNINGER, 
LorENZO RisH AND YING CHEI CHEN 


Internal mammary artery ligation in dogs had no effect on backflow of blood in coronary circulation, 
mortality following test coronary artery ligation or size of infarction. 
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balanced 
diuresis... 


cardiac edema - congestive 
heart failure - premenstrual 
tension - edema of pregnancy 


toxemia of pregnancy - obesity 
often invaluable in: epilepsy 
Meéniere’s syndrome -.glaucoma 


Ample diuresis for the usual edema- 
tous patient... gentle...without 
excessive distortion of electrolyte 
or normal water patterns...without 
effect on blood pressure. 

Scored tablets of 250 mg. — of 500 mg. for — use. 


DIAMOX 


Acetazolamide Lederle 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York ED 
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Intercoronary Arterial Channels Produced by Chemical Agents 
D. S. LEIGHNINGER, I. H. ErnsEt, R. G. RUEGER Anp C. S. Beck 949 


A light application of fresh aqueous solution of 5 per cent trichloroacetic acid applied to the surface of 
the heart can replace abrasion in the Beck operation and produce similar improvement in backflow 
measurements. 


Review 


Hypometabolic Treatment of Heart Disease 
Corpay, Henry L. JAFFE AND Davin W. Irvine 952 


In the euthyroid patient the induction of the hypometabolic state with radioactive iodine often effec- 
tively controls angina pectoris, congestive heart failure and various arrhythmias. Rationale of therapy 
and case and illustrations round out this timely review. 


Report on Therapy 


Use of a Long-Acting Quinidine Preparation in the Reversion of Atrial Fibrillation 
J.T. Stewart 961 


In eighteen patients with auricular fibrillation the administration of a long-acting quinidine gluconate 
preparation was successful in reverting the rhythm to normal. The dosage used was 0.6 gm. every 
eight hours for three days, increased to 0.9 gm, if reversion did not take place during this period. There 
were a few side effects but no signs of toxicity. 


Case Reports 


2:1 Bundle Branch Block. Classification with Special Reference to the Critical Heart 


This study describes a case of 2:1 bundle branch block, the thirteenth such case in the literature. This 
type of bundle branch block may be divided into three groups on the basis of specified changes in heart 
rate. 


Lymph Node Compression of the Pulmonary Artery Causing a Continuous Murmur 
Huecu S. Levin anp RicHarp W. Bootu 972 


In an eighteen year old woman, compression of a pulmonary artery by a lymph node produced a con- 
tinuous murmur which could be easily mistaken for a murmur of patent ductus arteriosus, and was. 


Correction of Congenital Ventricular Septal Defect in a Patient with Previous Sur- 
gically Produced Pulmonary Artery Stenosis. . . .HAROLD MILLS, JEROME 
Harotp Kay, Oscar Macipson, RoBpert M. ANDERSON AND ALICE SCHIFF 976 


Seven years after a palliative pulmonary artery stenosis had been produced to relieve a large congenital 
ventricular septal defect, open heart repair of the congenital and surgically induced lesion was success- 
fully performed in an eight and one-half year old girl. 
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Clark treated 31 anginal patients who showed signs of anxiety, fear, excitement and other forms of emotional 
stress. On CARTRAX, all 31 fared better than they had on previous therapy...as judged both by subjective 
reports and by reduced nitroglycerin requirements.* - 

CARTRAX combines PETN (for prolonged vasodilation) with ATARAX (the tranquilizer preferred for angina patients 
because of its safety and mild antiarrhythmic properties). Thus, CARTRAX helps you to cope with both com- 
ponents of angina pectoris—circulatory and emotional. 


For a better way to help your angina patients relax, prescribe CARTRAX. *Clark, T. E., in press. 


t + AT AR - Dosage: Begin with 1 to 2 yellow CARTRAX “10” 
tablets (10 mg. PETN plus 10 mg. ATARAX) 3 to 4 
A times daily. For dosage flexibility, CARTRAX “20” 
(pink) tablets (20 mg. PETN plus 10 mg. ATARAX) may be utilized at a level of one tablet 
three to four times a day. The tablets should be administered before meals for optimal ew york 17,.N.Y. 
fesponse. For convenience, write “CARTRAX I0” or “CARTRAX 20.” As with all nitrates, Division, Chas. Pfizer & Co., Inc. 
use with caution in glaucoma. Supplied: In bottles of 100. Prescription only. Science for the World’s Well-Being™ 
T pentaerythritol tetranitrate Tf brand of hydroxyzine 
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Ruptured Intracranial Aneurysm Associated with Coarctation of the Aorta 
MELvIN J. SCHWARTZ AND IvAN D. BARONOFSKY 


This report describes the case history of a fourteen year old boy who suffered rupture of an intracranial 
aneurysm associated with coarctation of the aorta, and who was treated by antihypertensive drugs, a 
period of controlled hypothermia and surgical correction of the coarctation during the intracranial 
bleeding episode. 


An Unusual Complication of Myocardial Infarction 
HERMAN B. RuBLER AND C. L. DIEFENBACH, III 


Following recovery from an extensive myocardial infarction a bigeminal rhythm was consistently noted 
whenever the patient assumed the recumbent position. 


Diagnostic Shelf 


Aortic or Subaortic Stenosis? 
CHARLES J. McGarr, Decio AZEVEDO AND HENRY T. BAHNSON 


A diagnostic problem in a seventeen year old boy is finally diagnosed as subaortic stenosis due to func- 
tional narrowing of the outflow tract of the left ventricle. 


Special Departments 


Cardiac Resuscitation. 
Progress Notes in Cardiology . 


1961 Annual Convention 
AMERICAN COLLEGE OF CARDIOLOGY 


The Tenth Annual Convention of the College will be held in New York City 
at the Hotel Biltmore, May 17 to May 20, 1961. 

Abstracts of papers intended for the scientific program should be sent before 
January 1, 1961 to Dr. George C. Griffith, Chairman of the Program Com- 
mittee, University of Southern California, 1200 North State Street, Los Angeles 
33, California (Box 25). 

Commercial exhibitors should write to Dr. Philip Reichert, Executive 
Director of the College, Empire State Building, New York 1, New York. Jour- 
nal advertisers will have point priority in the assignment of exhibit space. 

Abstracts of scientific exhibits should also be sent to the office of the Executive 
Director 
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Blood pressure that goes up with stress 
often comes down with SERPASIL 


One reason that many cases of hypertension 
respond to Serpasil is that many cases are as- 
sociated with stress. Stress situations produce 
stimuli which pass through the sympathetic 
nerves, constricting blood vessels, and increas- 
ing heart rate. Hyperactivity of the sympathetic 
nervous system may elevate blood pressure; if 
prolonged, this may produce frank hyperten- 
sion. By blocking the flow of excessive stimuli 
to the sympathetic nervous system, Serpasil 
guards against stress-induced vasoconstriction, 
brings blood pressure down slowly and gently. 


*Coan, J. P., McAlpine, J. C., and Boone, J. A.: J, South Carolina M. A. 51:417 (Dec.) 1955. * sessome 


Complete information avaiiabie on request. 


(reserpine CIBA) 
in mild to moderate hypertension, Serpasil is 
basic therapy, effective alone ‘*...in about 70 
per cent of cases...’’* 
In severe hypertension, Serpasil is valuable as 
a primer. By adjusting the patient to the physio- 
logic setting of lower pressure, it smooths the 
way for more potent antihypertensives. 
In all grades of hypertension, Serpasil may be 
used as a background agent. By permitting 
lower dosage of more potent antihypertensives, 
Serpasil minimizes the incidence and severity 
of their side effects. 
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PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 


articles on new findings in cardiology. As is customary in professional publications, state- 


ments in articles are the responsibility of the authors; articles must be contributed solely 


to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and may not be re- 


produced without permission of the publishers. 


Preparation of Manuscripts 

Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editor; 
include staff position and connection; list biblio- 
graphic references in chronological order as referred 
to in text at the end of the article (not in footnotes). 
Please make certain each reference contains the 
name of author with initials; title of article; name 
of periodical, with volume, page and year. For 
example: Smith, J.S. Treatment of cardiac failure. 
Am. J. Card., 3:274, 1959. 


Preparation of Illustrations 

So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
Reference to all illustrations 
should be inserted in the text in consecutive order. 


identification 


not reproduce well). 
Please follow these instructions: 
Write the figure number and the author’s name on 


the back of each illustration and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 


ers for excess illustrations and tables. 


Reviews, Abstracts 

Books for review may be sent directly to the Editor, 
Simon Dack, The American Journal of 
Cardiology, 11 E. 36th St., New York 16. 


M.D., 


Permission to abstract must be obtained from the 
publisher. 
permitted to abstract. 


Only paid circulation journals will be 


Reprints 

Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 11 East 36th Street, New York 16, N. Y. 
Prices are quoted after articles are published. 


The American Journal of Cardiology 
11 East 36th Street, New York 16, New York 
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no more 


therapeutic 


peaks 


or 


valleys 


You will find that Digitaline Nativelle, the original crystalline digitoxin, provides exactly 
the balanced, controlled maintenance dose you want for your cardiac patient. Its duration 
of activity is neither too short nor unduly prolonged, well suited to daily maintenance 
therapy. Its complete absorption and purity assure uniform potency, precision of dosage, 
total utilization and effectiveness. A product of Nativelle, Inc. 


E. Fougera & Company, Inc., Hicksville, Long Island, N. Y. 


after initial digitalization... 


a lifetime of balanced 


controlled maintenance therapy 
14 
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acute coronary occlusion 
control short- long-term oral 
anticoagulant therapy Miradon 


anisindione 


‘excellent control...in 54 out of 59 cases 
| including 48 patients with coronary thrombosis |. 


anticoagulant 
tion.” 


ig therapy. “Once. 
reduced to the therdbe 


i 
Bile 
Therapeutic levels attained in 48 to 72 hours. 
“Normal prothrombin levels were recorded between 36.0 
amd 72-hours after cessation of 
Vitamin k, “...counteracted the eflect of Miradon ina = 
maintained there with little difficulty on daily doses of 
References: (1) Blaustein, A.: New York J. 1958. (2) Lange, K., 
(4) Connell, W. and Mayer, G. A.: Canad, MZ 
Arscott, Koppel, J. 1. an Surg. 


Proven 


in more than 


750 published clinical studies 


FOR RELIEF OF ANXIETY 
AND TENSION 


Safe 


For your reference: controlled studies on Miltown.. 


1. Blumberg, N. ef al.: Fed. Proc. 17:351, 
March 1958. 2. Boyd, L. J. ef al.: Am. J. 


Cardiol: 3:229, Feb. 1959. 3. Brick, H. ef al.: 


J. Social Therapy 4:190, 1958. 4. Bulla, J. D. 
et al.: Am. Pract. & Digest Treat. 10:1961, 
Nov. 1959. §. Ewing, J. A. and Haizlip, T. M.: 
Am. J. Psychiat. 114:835, March 1958. 


6. Friedman, A. P.: Ann. N. Y. Acad. Sc. 
67:822, May 9, 1957. 7. Greenberg, L. A. 
et al.: Ann. N. Y. Acad. Sc. 67:816, May 9, 
1957. 8. Holliday, A. R.: Northwest Med. 
58:837, June 1959. 9. Hollister, L. E. ef ai.: 
Dis. Nerv. System 17:289, Sept. 1956. 
10. Laird, D. M. et al.: Dis Nerv. System 
18:346, Sept. 1957. 
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Ae 


1 simple dosage schedule produces rapid, 
reliable tranquilization without 
unpredictable excitation 


9 no cumulative effects, thus no need for 
difficult dosage readjustments 


9 does not produce ataxia, change in 
appetite or libido | 


A does not produce depression, 
Parkinson-like symptoms, jaundice 
or agranulocytosis 


5 does not impair mental efficiency or 
normal behavior 


Usual dosage: One or two 400 mg. tablets t.i.d. 
Supplied: 400 mg. scored tablets, 200 mg. 
mm sugar-coated tablets. Also as MEPROTABS* — 
400 mg. unmarked, coated tablets; and as 
MEPROSPAN® — 400 mg. and 200 mg. 


n..§....[double-blind] continuous release capsules. 
#TRADE-MARK 
C. 11. Lasagna, L.: J. Chron. Dis. 3:122, Feb. 
A 1955. 12. Muhlfelder, W. J. ef al.: Dis. Nerv. & 
9, System 20:587, Dec. 1959. 13. Pollak, M.: ® 
d. Proctitioner 184:231, Feb. 1960. 14. Rickels, 
I. K. et al.: J.A.M.A. 171:1649, Nov. 21, 1959. 
é. 15 Russek, H. Am. -J. Cardiol. 3:547, 
m April 1959. 16. Tucker, K. and Wilensky, H.: { ) 
Am. J. Psychiat. 113:698, Feb. 1957. meprobamate (Wallace 


QP WALLACE LABORATORIES / Cranbury, N. J. 
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DRAMATIC 


physical and emotional 


relief 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


COROVAS 


Tymcaps COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to control 


or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 
-maximum protection against seizures all 
night. COROVAS alleviates the associated 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 
long-term therapy. 


SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 
(PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 


\A#G) AMFRE GRANT, INC 
Brooklyn 26, N. Y- 
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longest action... 


smoothest in effect 


hypertension 
and edema 


greater loss of sodium 
lesser loss of potassium 


A new antihypertensive-saluretic, 
Hygroton, now enables still more effective 
control of hypertension and edema. 


more evenly sustained therapeutic response 
Because it is more prolonged in action 

than any other diuretic,' Hygroton affords 

a smoother, more evenly sustained 

response. 


more nearly pure natriuretic effect 
Hygroton produces only minimal 
potassium loss . . . affords a better sodium- 
potassium ratio than other saluretics.* 


more liberal diet for the patient 
As a rule, with Hygroton, restriction of 
dietary salt is unnecessary. 


more convenience and economy 

For maintenance therapy three doses per 
week suffice to manage the vast majority 
of cases.” 


in arterial hypertension 
Sustained control without side reactions. 


in edematous states 
Copious diuresis without electrolyte 
imbalance. 


Hygroton®, brand of chlorthalidone: White, 
single-scored tablets of 100 mg. in bottles of 100. 


References: 

(1) Stenger, E. G., et al.: Schweiz. med. Wechnschr. 
89:1126, 1959. (2) Fuchs, M., Res: et al:: Current 
Therap. Research 2:11, January, 1960. (3) 

Ford, R. V.: Manuscript submitted for publication. 


Geiny Geigy, Ardsley, New York HY 234-60 
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Taussig’s 
Congenital 
Malformations 
of the 
Heart 


REVISED EDITION 


The long awaited revised edition 
of Dr. Helen B. Taussig’s book is 
now appearing in two volumes: 


VOLUME I: General Considera- 
tions, is designed to give the student 
and general practitioner the basic 
methods of diagnosis of congenital 
malformations of the heart, and of the 
care of patients. 63 illustrations. 


$4.75 


VOLUME II: Specific Malforma- 
tions, designed for pediatricians, 
internists, and cardiologists discusses 
each malformation in detail. This 
1,000 page volume contains 474 
illustrations, including a visual index 
designed to show at a glance the 
essential features of various malfor- 
mations. Volume II is scheduled 
for publication in December. $17.50 


COMMONWEALTH FUND BOOKS 


ARVARD 


UNIVERSITY PRESS 


A wise investment 


in professional knowledge 


The American Journal of 
Surgery specializes in present- 
ing streamlined straight-to- 
the-point clinical facts that 
aid in the quick evaluation of 
new operative technics, new 
surgical equipment and 


supplies. 


The Journal, now in its 69th 
year of publication, is written 
and edited by doctors who 


respect your reading time. 


Write for Your Free Sample 
Copy Now. 


THE AMERICAN JOURNAL 
OF SURGERY 


11 EAST 36th STREET 
NEW YORK 16, NEW YORK 
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1 NEW 1 


TANEOUS 


‘cardiac anc 
@ Blood sampling sure instantaneously 


, | ECG same cathete 
absolute 
standard 4- 
ducer when c 
lumen of cath 


NO ARTIFACTS 
NO liquid column 
NO hydraulic problems 


@MM41R Electronic Unit 


May be adapted for use 
with existing equipment. 


The MSD8 Transducer will work only with the MM41R 
Electronic Unit which contains a frequency-modulated 
oscillator on 120 kc and a discriminator. A filter 
extracts the frequencies exceeding 40 cps which are 
then considered as intracardiac sounds. 


PRESSURE RANGE: 
+ 300 mm Hg; noise level less than 0.2 mm Hg; 
drift 3mm/hour; natural frequency 2,500 cps; 
response extends to 5 kc flat to 1,000 cps; linearity 
+ 1%; temperature effect lower than0.5 mm per °C. 


PRESSURE OUTPUTS: 
Recorder (E601) 100 microamps/cm on 600 ohms; 
Oscilloscope 1 V/cm balanced. The sensitivity on the 
switch corresponds to 5 cm. 

SOUND OUTPUTS: 
Same as Pressure outputs. It is possible to connect 
an amplifier with loudspeaker, a tape recorder or a 
sound analyzer (AS1). | 


the quality name in 
Jallans / Medical and Industrial electronics. 
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NEW 1960 BOOKS FOR THE CARDIOLOGIST 


() E. Grey Dimond—THE EXERCISE ELECTRO- 
CARDIOGRAM IN OFFICE PRACTICE. Pub. 
Dec. 


0 Dale Groom—CLINICS IN ELECTROCARDI- 
OGRAPHY. Pub. Oct. ’60, 160 pp., 398 il., $8.00 


C) William C. Holland and Richard L. Klein—CHEM- 
ISTRY OF HEART FAILURE. Pub. Aug. ’60, 
132 pp., 24 il. (Amer. Lec. Living Chemistry), $5.50 


[) Carl Hughes and Warner Bowers—TRAUMATIC 
LESIONS OF PERIPHERAL VESSELS. Pub. 
Nov. "60, 208 pp., 110 il. 


(1) Vernon M. Ingram—HEMOGLOBIN AND ITS 
ABNORMALITIES. Pub. Nov. ’60, 176 pp., 93 
il. (Amer. Lec. Living Chemistry ) 


S. D. Larks—FETAL ELECTROCARDIOGRA- 
PHY. Pub. Nov. ’60, about 133 pp., 70 il. (Amer. 
Lec. Gynecology and Obstetrics) 


[] James W. Linman and Frank H. Bethell—FACTORS 
CONTROLLING ERYTHROPOIESIS. Pub. 
Aug. ’60, 224 pp., 58 il. (Amer. Lec. Hematology), 
$8.25 


(C) M. Judson Mackby—THE SURGICAL TREAT- 
MENT OF PORTAL HYPERTENSION, BLEED- 
ING ESOPHAGEAL VARICES AND ASCITES. 
Pub. Aug. ’60, 277 pp., 49 il. (2 full color plates), 
(Amer. Lec. Surgery), $10.50 


[] Rudolf Nissen and Roger H. L. Wilson—PAGES 
IN THE HISTORY OF CHEST SURGERY. 
Pub. Nov. ’60, 176 pp., 90 il., $7.50 


George Pickering—CHEMOTHERAPY OF 
HYPERTENSION. Pub. Dec. ’60 (Amer. Lec. 
Living Chemistry) 


C] 0. D. Ratnoff—BLEEDING SYNDROMES: A 
Clinical Manual. Pub. Nov. ’60, 288 pp., 7 il. 
(Amer. Lec. Circulation) 


Gus Schreiber—EMBOLIC DISPERSOIDS IN 
HEALTH AND DISEASE. Pub. Sept. ’60, 104 
pp., 12 il. (Amer. Lec. Living Chemistry), $5.50 


[] Merle E. While—-AN OUTLINE GUIDE FOR 
THE CARE OF POST-OPERATIVE CARDIAC 
PATIENTS. Pub. Dec. ’60 ‘ 


[] W. Carleton Whiteside—TOWARDS THE DIAG- 
NOSIS OF-CONGENITAL HEART DISEASE. 
Pub. Oct. ’60, 100 pp., $4.50 


Michael Woodruff—THE TRANSPLANTATION 
OF TISSUES AND ORGANS. Pub. Sept. ’60, 
816 pp. (7 x 10), 336 il. (1 in full color), $25.50 


[) Grace Wyshak, Leonid S. Snegireff and Augusta F. 
Law—CARDIACS AND DIABETICS IN IN- 
DUSTRY: A Study in Work Experience. 
Pub. Dec. ’60 


[C]) J. M. Yoffey—QUANTITATIVE CELLULAR 
HEMATOLOGY. Pub. Oct. ’60, 144 pp., 17 il. 
(2 in full color plates), (Amer. Lec. Hematology) 


CHARLES C THOMAS « PUBLISHER 


301-327 East 
Lawrence Avenue 


SPRINGFIELD e ILLINOIS 
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benefits 
edema, 


patient with congestive heart failure; ascites 
and 4+ edema to the knee 


hypertension 
plus built-in 

etion 


Photos used with permission of the patient. 


NEW 


ESIDRIX-K 


New ESIDRIX-K provides all the oral diuretic-antihypertensive advantages of ESIDRIX, plus a 
generous potassium supplement. ESIDRIX produces marked excretion of salt and water in 
edematous patients, and in many hypertensive patients significantly reduces blood pressure, 
alone or with other antihypertensive drugs. Potassium excretion is minimal, and the built-in K 
supplement further helps eliminate problems due to potassium loss. Three ESIDRIX-K tablets 
provide potassium equivalent to one quart of fresh orange juice; ESIDRIX-K is coated to pre- 


vent gastric irritation. 


Complete information sent on request. 

Supplied: Esidrix-K Tablets (white, coated), each containing 25 mg. Esidrix and 500 mg. potassium chloride. 
Esidrix Tablets, 25 mg. (pink, scored) and 50 mg. (yellow, scored). 

Esidrix-K is especially indicated for patients in whom even moderate potassium loss 
can cause complications, or those whose condition predisposes to hypokalemia. 
Among candidates for Esidrix-K are patients taking digitalis for congestive heart 
failure, those with renal or liver disease, those under long-term treatment, and those 
on salt-restricted diets. 


ESIDRIX® (hydrochlorothiazide CIBA) 2/2naimne2 
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FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


DILAT 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“.,. the magnitude of the response to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin. ...The comparatively 
prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 
available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


‘Cc LA 5 1. Riseman, J.E.F., et al.: Cir- 
ARDI TE brand culation 17:22 (Jan.) 1958. 
Erythrol Tetranitrate Sublingual Tablets 


2. Russek, H.I.: Circulation 
18:774 (Oct.) 1958. 


5 mg., scored 


15 mg., scored 


Bottles of 100 tablets. 3. Hirshleifer, I., et al.: Scien- 
tific Exhibit, A.M.A., Atlantic 


Complete literature available on request. City, N. J., June, 1959. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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Positive 


Antithrombotic 


Therapy 


As you read this, your blood is kept in normal 


state of flow by endogenous heparin. 


When antithrombotic therapy is indicated, 
LIPO-HEPIN reproduces normal physiologic 


anticoagulation. 


Of increasing importance is the ability of 
LIPO-HEPIN to alter the physiochemical state of 
serum lipids, a suspect in the most recent 

concept of atherosclerotic disease and resulting 


vascular occlusion. 


LIPO-HEPIN 


heparin sodium, U.S.P., aqueous for intravenous or subcutaneous use 


Northridge, California 
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INJECTION 


METARAMINOL 


provides combined pressor, myocardium- 
Stimulating effect with no tissue slough reported 


ARAMINE ‘‘Metaraminol combines strong pressor effect with 
myocardial-stimulating action .. .""! 

ARAMINE can be administered for balanced pressor, myo- 
cardium-stimulating effect by any desired route—intravenous, 
intramuscular or subcutaneous—with no reported tissue slough 
and with minimal risk of causing arrythmias. Repeated injections 
of ARAMINE appear to elicit no tachyphylactic response. 

ARAMINE is always ready for immediate use—no dilution is re- 
quired. These advantages of ARAMINE make it equally valuable 
in shock accompanying anaphylaxis, brain damage, infectious 
disease, hemorrhage, surgery, trauma. . 


Supplied: in 1-cc. ampuls and 10-cc. vials (10 mg. per cc.). 


ARAMINE is a trademark of Merck & Co., INC. 


ADDITIONAL information is available to physicians on request. Address Professional Service 
Department, West Point, Pa. 


1. Selzer, A. and Rytand, D.A.: COUNCIL ON DRUGS, Report to Council J.A.M.A. 168:762, 
(Oct. 11) 1958. 
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BRAND OF pHENINDIONE 


3 ind 


30 mg. 
Bederal taw 
witheut pret? 


Chesed 
TALKER 


RATORIES. ine 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1. Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2. Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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brand of rescinnamine 


a refinement in 


alkaloid therapy 


Science 
for the world’s 
well-being™ 


PFIZER LABORATORIES 
Division, Chas. Pfizer ¢> Co., Inc. 
Brooklyn 6, New York 


IN BRIEF 


MODERIL is rescinnamine, a purified rauwolfia alka- 
loid providing the benefits of reserpine with reduced 
frequency and/or severity of certain reserpine side 
effects. Rauwolfia has been referred to as the first 
agent to be tried and the last omitted in antihyper- 
tensive therapy. When MODERIL is given with other 
antihypertensive agents, the latter may often be ad- 


- ministered in lower dosage with fewer undesired 


reactions. 


INDICATIONS: Primary therapy in mild to moderate 
labile hypertension. In more severe cases, as adjunc- 
tive therapy with other agents. 


ADMINISTRATION AND DOSAGE: Adjust dosage to mini- 
mum level for optimal therapeutic effect. Recom- 
mended initial dose—one 0.5 mg. tablet twice a day 
for two weeks. Significant side effects are unusual with. 
MODERIL, but should they occur, reduce dosage to 
one 0.25 mg. tablet twice daily. When optimal hypo- 
tensive effects are obtained during initial period, this 
same reduced dosage or less may be used. If greater 
hypotensive effects than those observed during this 
period are required, cautiously increase dose by 0.25 
mg. per day (up to 2.0 mg. per day) and consider 
combined therapy. Doses should be taken after meals 
to minimize possible adverse effects of increased gas- 


tric secretion. 


Initial dosage for children 3-12 years of age is up to 
0.25 mg. twice daily for one week. Children should 
be observed closely and when therapeutic effect is 
achieved, this dose should be reduced by half, i.e., 
0.25 mg. daily. 


SIDE EFFECTS: Same type as with reserpine but usu- 
ally with reduced incidence or severity, e.g., mental 
depression, bradycardia, nightmares, and fatigue. 
Nasal stuffiness or congestion may occur but usually 
disappears with discontinuation of the drug or on use 
of topical vasoconstrictors or antihistamines. Increased 
frequency of defecation and/or looseness of stools is 
an occasional reaction. There have been occasional re- 
ports of serious hypotension in persons on Rauwolfia 
compounds who undergo surgery with general or 
spinal anesthesia. It is suggested that MODERIL be dis- 
continued two weeks before surgery, when feasible, or 
other appropriate measures be taken. 


PRECAUTIONS: Because rauwolfia preparations may in+ 
crease gastric secretion, MODERIL should be used with 
caution in patients with a history of peptic ulcer. 
SUPPLIED: Yellow, scored, oval tablets of 0.25 mg. 
bottles of 100 and 500; salmon, scored, oval tablets of 
0.5 mg., bottles of 100. 

More detailed professional information available‘om 
request. 
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Lead fi: at rest. Lead 11: 14% minutes after 10 mg. TENUATE § minutes after 


i.v.—equivelent to 100 mg. oral dose (4 times 
the recommended oral dose) 


with Tenuate, ECG fluctuation is insignificant’ 


SENUATE suppresses appetite with unique 
advantages for “‘special risk” patients: No 
effect on heart rate, blood pressure, pulse 
or respiration,' no alteration of BMR.? 


Dosage: 

One 25 mg. tablet one hour before meals. To 
control nighttime hunger, an additional tablet 
may be taken in mid-evening. 


Supply: 
Bottles of 100 and 1,000 light blue tablets. 


References: 

i. Alfaro, R. D.; Gracanin, V. and § Schlueter, E.: Michigan 
Acad. Gen, Pract., Detroit, November, 1959. 2. Huels, G.: Mich- 
igan Acad, Gen. Pract. Symr n , 1959. 3. Horwitz, 
§.: Personal communication, 1959. 4. Sp in, A, D.: Michi- 
gan Acad. Gen, Pract. Symposium Detroit 9, 5. Ravetz, E.: 
Michigan Acad. Gen, Pract. Symposium, Detroit, 1959. 
& Decina, L. J.: Exper. Med. & Surg. in press. 7. Scanlan, 
3. &.: Personal communication, 1959. 8. Kroetz and Storck: 
Personal communication, 195° 


Merrell THE WM. S. MERRELL COMPANY 


Cincinnati, Ohic* 5! Thomas, Ontario 
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improve coronary 
blood flow with 
no significant 
change in blood 
} pressure or 
puise rate 


in angina pectoris, > 
Peritrate reduces fre- 
quency and severity of 
anginal attacks in 4 out ve, 
of 5 patients, reduces ni- 
troglycerin dependence. 


<q in postcoronary man- 
agement, helps establish 
and sustain collateral cir- 
culation safely, to sup- 
port natural healing and 
repair, and minimize any 
ensuing anginal attacks. 
Gradual prolonged ac- 
- . tion virtually eliminates 


basic nitrate headaches. 
coronary WARNER 


brand of pentaerythritol tetranitrate 
NEW form available: . MORRIS PLAINS, 
Peritrate with Phenobarbital Sustained Action 
ero 3 1 tablet on arising and 1 tablet 12 hours later. 
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IMPROVE 
CARDIAC 
FUNCTION 


CRYSTODIGIN® Wermits accurate dosage titration 


Since initial digitalization and maintenance dosage must be ¢arefully 
individualized, Crystodigin fulfills the important requirements of a pre- 
ferred digitalis. Crystodigin is a crystalline-pure, uniformly. potent 
single glycoside that is completely absorbed in the Intestinal 
tract. With Crystodigin, the maximum therapeutic 
éffect can be readily obtained by dosage titration in 
mMcrements as small as 0.025 mg. 
Available in scored tablets of 0.05 mg-. (orange), 
6.1 (pink), 0.15 mg. (yellow), and 0.2 mg. (white); 
in i-ce. and 10-cc. ampoules, 0.2 mg. per cc. 
icrystailine digitoxin, Lilly) 


LLY AND COMPANY ‘ INDIANAPOLIS 6, INDIANA, U.S.A. 
O70103 
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EDITORIAL 


Intraventricular Block 


n 1909 Eppinger and Rothberger investi- 
I gated the alterations in the pattern of the 
electrocardiogram caused by lesions in the myo- 
cardium. Being unable to create such lesions in 
an acute experiment (the idea of ligating a 
coronary artery occurred to Smith much later), 
they injected solutions of silver nitrate into the 
ventricular wall. To their astonishment the 
injection of large amounts of this substance often 
caused only minor changes in the size of QRS 
complexes. Occasionally, however, a necrotic 
focus produced by a very small amount of silver 
nitrate provoked major changes and, in particu- 
lar, a remarkable widening of the QRS complex. 
This observation led the authors to sever the 
main stem of the bundle branches and to the dis- 
covery of the bundle branch block pattern in the 
electrocardiogram.! 

The same authors also described this abnor- 
mality in man and reported histologic findings 
which, to their satisfaction, proved the interrup- 
tion in one of the bundle branches. This report 
started a fallacy which lasted many years and 
handicapped the development of the theoretic 
basis of the electrocardiogram and clinical elec- 
trocardiography. It became clear only much 
later, particularly through the investigations 
of Wilson and his school, that the bundle 
branch block was located on the wrong side, and 
what was considered right bundle branch block 
actually was a left one and vice versa. The “‘new 
nomenclature”’ was very slowly accepted and as 
late as 1933 Rothberger rejected it,? quoting a 
series of histologic reports by various authors 
supporting his original conception. This confu- 
sion and perserverance with mistaken ideas had 
several reasons which are of interest and have 
practical importance. 

Topography of Conduction System: First, the 
histologic recognition and localization of the 
A-V conduction system is difficult; its topog- 
raphy rather than its particular structure per- 


mits identification in man. Thus the very 
existence and function of the A-V system have 
been repeatedly denied even in recent years. 
Several important aspects of the A-V conduction 
system are not clear and await elucidation. We 
know little about the relation between the A-V 
node and coronary sinus node (Zahn’s node). 
It is established that the area at the orifice of the 
coronary sinus vein is endowed with a high de- 
gree of automaticity. Is this area an extension 
of the atrial portion of the A-V node or is it a 
separate unit in loose contact with the A-V 
node? Is it an equivalent of the sinus node? 
Takahashi’ speaks of it as a lower sinus node and 
Doerr‘ points out that the orifice of the coronary 
sinus vein is situated in the former sinoatrial area 
and the coronary sinus node may be the 
equivalent of the node of Keith and Flack. 
Little is also known about the connections 
between the A-V node and the atria. In almost 
all textbooks on electrocardiography and phys- 
iology the A-V node is depicted as being situated 
in the right atrium and in contact only with its 
muscular bands and the right side of the atrial 
septum. This is certainly not correct since dur- 
ing A-V rhythm the left atrium of the dog con- 
tracts before the right one.® Connections 
must therefore exist between the A-V node and 
the left side of the septum. 

Bilateral Bundle Branch Involvement: A second 
cause for the initial confusion in the localization 
of the bundle branch block in man is the finding 
emphasized by Mahaim™ and Yater,’ namely, 
that in many instances both bundle branches are 
involved, only one more than the other. There- 
fore, one may assume that during the difficult 
and time-consuming histologic examination of 
the bundle branches many examiners stopped 
looking as soon as they found a lesion in one 
bundle branch. The difficulty of such investiga- 
tions, on the other hand, has recertly been 
illustrated again by the fact that the frequent 
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occurrence of bilateral lesions has been denied.*® 

Auxomerous Conduction: A third reason for the 
confusion is the experience that definite damage 
of the bundle branches was found histologically 
without the presence of a bundle branch block on 
the electrocardiogram. This is explained by the 
fact that conduction in the heart is “aux- 
omerous,”’® that is, it is not dependent on a cer- 
tain width of the path. Cullis and Dixon! 
found that in the heart of the rabbit the smallest 
portion of the bundle, if undivided, ‘‘can carry 
all the conduction.” Therefore, lesions in the 
common bundle and bundle branches which do 
not involve the whole cross section of the path- 
way May not impair conduction. The lower 
limits of this law, the smallest number of fibers 
necessary for conduction with normal speed, are 
not known. 

Complete Bundle Branch Block: Arbitrarily and 
empirically complete bundle branch block is 
diagnosed by many when the width of the QRS 
complexes is 0.12 second or more. Mahaim™ 
described, however, an instance of bundle 


branch block in which the width of the QRS 
complex was only 0.09 second and QRS com- 
plexes of 0.11 second are not rare in right bundle 
branch block. On the other hand, left ventricu- 
lar hypertrophy may cause QRS complexes with 


a width of 0.11 second, and it seems that in such 
cases an additional intraventricular conduction 
disturbance without involvement of the bundle 
branches may cause sufficient widening to imitate 
left bundle branch block. The term “complete 
bundle branch block’’ is often a misnomer be- 
cause a complete interruption of conduction is 
not present even if the electrocardiographic pat- 
tern is typical. A delay of conduction in one 
bundle branch by more than 0.03 to 0.04 second 
causes the same picture as complete blockade 
since the impulse reaches the corresponding 
ventricle over the other bundle. In many in- 
stances of transient or intermittent bundle 
branch block, a delay of conduction in only one 
bundle existed and not “‘complete block.”’ 
Incomplete Bundle Branch Block: Because of the 
law of auxomerous conduction, incomplete bun- 
dle branch block does not seem to be caused by a 
lesion of only a part of the cross section of the 
bundle. Incomplete bundle branch block is 
rather a lesion in which the conduction in one 
branch is delayed by less than 0.04 second. 
With increasing delay of conduction in one 
bundle the QRS complexes show progressive 
changes since an increasing portion of the cor- 
responding ventricle is excited via the other 


ventricle. Here very slight delays lead to 
marked changes of the QRS complexes which 
show features midway between the normal ones 
for this particular patient and bundle branch 
block. 

Such tracings are readily obtained experi- 
mentally when one impairs conduction by exert- 
ing slight pressure on a bundle branch with the 
back of a knife and registers the recovery. It is 
striking in such experiments'!~“* how quickly, 
often within a few beats, recovery takes place 
and the QRS complexes regain their normal 
appearance. This is due to the fact that the 
pattern of the electrocardiogram remains the 
same in complete block (immediately after the 
damage of the bundle) and during the entire re- 
covery phase until the delay at the damaged 
area is less than 0.04 second. We doubt, how- 
ever, that this form of incomplete bundle branch 
block is as common in man as is often stated and 
that it can be as readily diagnosed as some text- 
books and articles seem to assume. One reason 
is that the pattern interpreted as incomplete 
bundle branch block is often observed without 
any change for months and longer. It is known 
that a higher sympathetic tonus improves con- 
duction in the ventricles and that improvement 
of even a few milliseconds would change the se- 
quence of activation of the involyed ventricle 
and therefore the form of the QRS complexes. 
However, in a study of patients with the accepted 
pattern of incomplete right or left bundle branch 
block we were not. able to change the form of the 
QRS complexes by exercise or the inhalation of 
amyl nitrite, factors which alter a delayed A-V 
conduction markedly. Neither does carotid 
sinus pressure leading to a marked prolongation 
of ventricular diastole change such QRS com- 
plexes. Most instances of partial A-V block 
lessen or disappear when the electrocardiogram 
is taken with the patient in the erect posture and 
usually a very prolonged P-R interval becomes 
instantly normal when the patient stands. No 
changes in the form of the QRS complexes ap- 
pear when this procedure is followed in patients 
with so-called incomplete bundle branch block. 

Diagnosis of Incomplete Bundle Branch Block: 
The assuredness with which incomplete bundle 
branch block is diagnosed in man is in sharp 
contrast with the difficulty of this diagnosis. 
Slight widening of the QRS complex alone does 
not prove the existence of this lesion; on the 
other hand, incomplete bundle branch block 
even with a QRS duration of 0.13 second has 
been described.'® A broader S wave in lead 1 
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and a secondary R wave in lead V; can occur in 
normal persons and do not prove the presence of 
an incomplete right bundle branch _ block. 
When these waves are found in normal subjects, 
it is perhaps not justified to say that incomplete 
bundle block occurs in normal persons; it is 
safer to state that the activation of certain parts 
of the right ventricle in comparison with the left 
side of the ventricular septum differs from the 
common normal pattern. The differentiation of 
some of the described tracings of incomplete 
bundle branch block from patterns seen in hy- 
pertrophy of the ventricles is difficult; and until 
our knowledge on this question improves, it 
seems safer to diagnose intraventricular conduc- 
tion disturbance without an attempt at further 
differentiation. Temporarily, for one or a few 
beats, an incomplete bundle branch block can 
appear and be diagnosed with greater cer- 
tainty.'® 

Since in incomplete bundle branch block the 
sequence of activation of some portions of the 
involved ventricle differs from the normal, one 
must consider the possibility that similar abnor- 
malities could appear on the electrocardiogram 
when branches of the main stem of the bundle 
branches are damaged by disease. The modifi- 
cations of the electrocardiographic pattern by 
such lesions were investigated by two research 
teams',* and the results were identical; they 
are remarkable and too often neglected. The 
experiments, performed on dogs, revealed that 
interruption of the whole anterior or posterior 
division of the left bundle branch soon after the 
bifurcation of the main bundle, or interruption 
of conduction in those fibers which spread to- 
ward the apex often did not change the width of 
the QRS complex at all. It remained 0.04 or 
0.05 second despite marked changes in the form 
of the waves. If widening occurred in some ex- 
periments, it did not surpass 0.01 second. One 
must therefore conclude that activation of a 
major portion of the left ventricle via other path- 
ways need not cause a widening of the QRS com- 
plexes. This result should make us cautious of a 
diagnosis of ‘‘incomplete bundle branch block’’ 
if QRS complexes are widened to 0.11 second or 
more. 

The possibility has been considered, as men- 
tioned previously, that incomplete bundle 
branch block originates in the main bundle 
branches when only a portion of the cross sec- 
tion is damaged. The law of auxomerous con- 
duction would preclude this possibility unless it 
could be demonstrated that a functional dif- 
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ferentiation exists in the main stem of the bundles 
and that certain portions of them conduct im- 
pulses to particular portions of the ventricles. 

Wenckebach Phenomenon in the Bundle Branches: 
A conduction disturbance comparable to the 
Wenckebach phenomenon is another form of in- 
complete block. It is surprising that this form is 
exceedingly rare in man. When one bundle 
branch is completely severed in the dog heart in 
situ and pressure is exerted on the other branch 
with the back of the knife, complete A-V block 
appears at first; soon recovery takes place and 
during the recovery process all types of partial 
A-V block are readily observed.'* Compared 
with this experience the rarity of partial bundle 
branch block in man is striking. Of course, 2:1 
and 4:3 bundle branch block are observed and 
usually called intermittent bundle branch block. 
However, a gradual widening of the QRS com- 
plexes from beat to beat ending with a typical 
bundle branch block pattern and this in turn fol- 
lowed by a normal QRS complex representing 
a Wenckebach phenomenon in a bundle has not 
been described in man or in the experiment with 
normal rhythm and rate. One case which could 
be interpreted in this way has been described by 
Holzmann” but in this patient a marked ven- 
tricular arrhythmia existed. The Wenckebach 
phenomenon in one bundle was clearly observed 
in the dog"* but only when the rate was rapid be- 
cause of atrial flutter; it is known that under 
these conditions conduction follows special 
rules. 

One reason for the rarity of the Wenckebach 
phenomenon in the bundle branch as compared 
with its frequency in A-V block is the fact that 
in A-V block after complete blocking of one beat 
the conduction system somehow recovers and the 
following impulse is conducted well. How this 
recovery takes place is still not understood since 
it is not known why the damaged tissue which 
just failed to conduct an impulse does it well 
when the next one arrives. Recovery is made 
more difficult in bundle branch block; because 
when the bundle branch does not conduct an 
impulse to the ventricle, the impulse arrives 
there via the other ventricle and is conducted 
retrograde in the involved bundle branch. 
Another reason why such electrocardiographic 
patterns have not been seen in man is the experi- 
ence that when conduction improves after the 
blocked impulse in a Wenckebach phenomenon 
it still often remains prolonged’® and, as pointed 
out previously, any delay of conduction by more 
than 0.04 second will cause the same pattern on 
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the electrocardiogram as in complete bundle 
branch block. 

Focal and Parietal Block: Whether widening of 
the QRS complexes occurs because of abnormal 
conduction from fiber to fiber in the common 
myocardium (fiber block, focal block, parietal 
block) as opposed to a lesion of the conduction 
system™ is not yet certain. Widening of the 
QRS complexes after injection of procaine” 
or quinidine” into branches of the coronary ar- 
teries need not indicate such a block since dam- 
age to peripheral branches of the conduction 
system cannot be ruled out. The widening of 
the QRS complexes seen after administration of 
quinidine may also involve the specialized tissue 
and need not indicate damage to working muscle 
alone. Certainly further studies of this ques- 


tion are required. 

It seems doubtful whether widening of the 
QRS complexes appears as a consequence of 
myocardial infarction “‘peri-infarction” block” 
without participation of the bundle branches 
only because the impulse is prevented from ac- 
tivating the ventricular myocardium from inside 
out. The experiments with silver nitrate cited 
earlier speak against this assumption. The 
presence of bundle branch block and infarction 
would explain most of these tracings. 

Arborization Block: The “arborization block,” 
usually mentioned in quotation marks, is rare 
and its mechanism controversial. The very wide 
and very low QRS complexes are often said to 
be due to a lesion “‘below the main stem of the 
bundle.” This seems certain but does not ex- 
plain much. It is argued that the term should 
not be used since it implies a lesion of the Purk- 
inje network; however, this explanation has not 
been seriously considered. Destruction of large 
areas of the subendocardial muscular layers with 
the smaller branches of the specialized A-V sys- 
tem by scraping with a small knife did not cause 
widening of the QRS complexes in our ex- 
perience. In recent years arborization block 
has been attributed to focal damage of the myo- 
cardium; this is improbable in view of the experi- 
ments quoted previously. Neither could block 
in some ramifications of one bundle branch cause 
such a pattern on the electrocardiogram. We 
believe that complete block in one bundle 
branch and almost complete block in the other 
could cause the electrocardiographic pattern of 
arborization block. Thus, a complete block 
of the right bundle branch and a block in the 
left main stem below the origin of the small 
branch which activates the upper left septum” 
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could produce this pattern; it would force the 
impulse to utilize mainly the common myo- 
cardium for its spread over the ventricles and 
the impulse would spread from a central point 
in all directions.” 


Davip SCHERF, M.D., F.A.C.C. 
Department of Medicine 
New York Medical College 

New York, New York 
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Clinical Studies 


Five Year Survival of Consecutive Patients 
with Malignant Hypertension Treated 
with Antihypertensive Agents’ 


Maurice SOKOLOW, M.D. and DOROTHEE PERLOFF, M.D. 


San Francisco, California 


IHE UNIVERSALLY poor prognosis of hyper- 

tension associated with papilledema (malig- 
nant hypertension)'~* has been well docu- 
mented. The studies of Keith, Wagener and 
Kernohan,! Schottstaedt and Sokolow,’? and 
Kinkaid-Smith et al. among others, have shown 
that 80 to 90 per cent of untreated patients 
with malignant hypertension die within one year 
and that the remaining 10 per cent rarely sur- 
vive eighteen months. Early papers on the 
therapeutic effects of ganglionic blocking drugs 
and other agents designed to lower blood 
pressure reported that treatment increased the 
period of survival of patients with malignant 
hypertension.?"5—” The majority of these stud- 
ies covered a follow-up period of only two or 
three years; only a few described the response 
in a series of patients treated for a substantial 
period such as five years. For example, 
Smirk,® in 1954, in a report on twenty-eight 
patients observed for three and a half years, 
noted that twenty-one of the treated patients 
survived an average of 22.8 months, in contrast 
to an average of one year in untreated pa- 
tients. McMichael and Murphy,® in 1955, 
reported that approximately 40 per cent of 
thirty-two patients treated with ganglionic 
blocking agents survived for three year periods. 
Sokolow and Kaufman,!® in a three year 
follow-up study on the group of cases to be 
reported herein, stated that of eleven patients 
with good renal function when first treated 
(creatinine clearance rates exceeding 45 ml. 


per minute), six survived twenty-four month, 
and five were still alive and active at the end of 
three years. Perry and Schroeder," in 1956, 
described eighty-two patients who were treated 
for varying periods; of sixty-six patients 
who continued treatment, twenty-six were 
alive after an average of 21.4 months, and 
thirty-eight were dead after an average of 
4.7 months. Dustan and co-authars” reported 
on the results of modern therapy in a series of 
patients seen between 1951 and 1958 and ob- 
served for periods ranging from three months to 
seven years. - Despite the difficulty in combin- 
ing data derived from such variable follow-up 
periods, they noted that the five year survival 
rate in the nineteen patients followed up for 
seven years was somewhat under 40 per cent. 
In view of the difficulty of interpreting pub- 
lished data derived from incomplete and vari- 


- able follow-up periods, a study was initiated to 


determine the effect of long term treatment 
with ganglionic blocking agents on patients 
with malignant hypertension, with special 
emphasis on the effect of such therapy on 
prognosis, the importance of initial renal func- 
tion and the modifying factors and pitfalls in 
management. . 


MATERIALS AND METHODS 


The subjects were twenty-six consecutive patients 
with malignant hypertension referred to the Hyper- 
tension Clinic for treatment during the years 1950 
through 1953. Two additional patients who had 


* From the Department of Medicine, University of California School of Medicine, San Francisco, California. This 
study was aided by grants from the United States Public Health Service (H-754), the Burroughs Wellcome & Co., 
Tuckahoe, New York, and the Mrs. William A. Hewitt-Deere Estate. 
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been included in the preliminary report published 
two years ago” did not meet the criterion for dura- 
tion of therapy and were excluded from this series. 
The group consisted of five women and twenty-one 
men, averaging forty-one years of age. The average 
age of the women was thirty-four years or, excluding 
Case 2 (a nine year old girl), thirty-seven years; 
the average of the men was forty-two years. Twenty- 
three patients were white, one was Negro, one Mexi- 
can and one Japanese. 

All twenty-six patients had malignant hypertension 
as defined by the presence of papilledema and dia- 
stolic pressures exceeding 120 mm. Hg. Patients were 
included for study regardless of the underlying cause 
of hypertension. In eight with primary renal disease, 
hypertension with papilledema had occurred late in 
the course of the disease; in fifteen with known high 
blood pressure for at least one year, the accelerated 
phase of hypertension had developed; and in three 
the hypertension was of recent onset. The duration 
of known hypertension before the onset of the malig- 
nant phase varied from fifteen years to less than one 
month. The duration was ten years or more in six 
patients and less than one year in nine patients. 
Two of the patients who were still alive in October 
1958 had known bypertension for five and twelve 
years, respectively. 

Eleven of the patients had adequate renal function 
initially as defined by a creatinine clearance rate over 
45 ml. per minute, a fifteen minute phenolsulfon- 
phthalein excretion of 25 per cent or more (after 
intravenous administration of 6 mg. of dye), or a 
nonprotein—bound nitrogen under 40 mg. per 100 
ml. Renal function was impaired in the remaining 
group of fifteen patients, which included the eight 
with known primary renal disease. Considering the 
difficulty of detecting underlying pyelonephritis,"-" 
the actual incidence of underlying renal disease in our 
series may have been higher. In a previous study,* 
Schottstaedt and Sokolow stated that a pathologic 
diagnosis of pyelonephritis was made in 40 per cent of 
all cases of malignant hypertension seen at autopsy. 
In addition, since at that time we were not fully 
aware of the importance of renal artery occlusion as a 
cause of malignant hypertension, aortograms were 
not done on any of the patients. This study, how- 
ever, is concerned primarily with prognosis rather than 
etiology and will deal only with gross renal changes. 

Pretreatment Studies: All patients were hospitalized 
for pretreatment studies and an initial period of con- 
trolled therapy. A detailed history was obtained 
from each at the beginning of the study and a physi- 
cal examination was performed. Laboratory studies, 
done initially and repeated at intervals during the 
follow-up period, consisted of urinalysis, blood count, 
electrocardiogram, x-ray film of the chest, intra- 
venous pyelogram and renal function studies, includ- 
ing determination of phenolsulfonphthalein excretion 
and creatinine clearance in most cases. Addis tests 
were also performed on occasion. After initial treat- 
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ment, the patients were observed at follow-up clinic 
visits or through periodic reports from their private 
physicians until their death or the end of the study 
period in October 1958. Thus, a minimum five 
year follow-up was obtained on all surviving patients. 

Methods and Duration of Treatment: The lack of a 
placebo group of patients with malignant hyperten- 
sion treated similarly except for the use of ganglionic 
blocking agents was considered justified in view of the 
well documented poor prognosis in untreated pa- 
tients, both by ourselves and others'~‘ (Fig. 2). The 
rarity of survival beyond two years or of spontaneous 
reversal of papilledema™ was clearly shown in our 
owr clinic® in the period immediately preceding the 
current study, despite intensive general care required 
by the severity of the illness and the progressive down- 
hill course. 

Treatment was initiated with hexamethonium 
chloride* administered parenterally in progressively 
increasing doses until a systolic blood pressure (stand- 
ing) of 150 to 160 mm. Hg was obtained or until the 
severity of the side effects made further increases un- 
desirable.” The maintenance doses used subse- 
quently varied from 30 to 235 mg. daily. The oral 
route was used rarely, and only after an initial ade- 
quate response to the parenteral drug had been ob- 
tained. When pentapyrrolidinium, and later mec- 
amylamine, became available, oral preparations of 
these drugs were usually employed, although two 
patients were maintained with parenteral hexa- 
methonium for as long as five years. Hydralazine, up 
to 400 mg. daily, was added to the regimen of eighteen 
patients. In addition, all patients received suppor- 
tive care in the form of a low sodium diet, digitalis 
when indicated, fluids, sedation, antibiotics for renal 
infection, and other measures as required. 

Hypotensive therapy was begun in all cases within 
three months of the onset of the malignant phase. 
The time of onset was judged retrospectively by the 
appearance of severe headache, gross hematuria or 
visual disturbances, by our diagnosis of papilledema or 
by documentation of papilledema elsewhere. Treat- 
ment with ganglionic blocking drugs was continued 
until the death of the patient or the end of the study 
in all but four patients. In one of the latter, hypo- 
tensive medications were discontinued when the 
patient’s blood pressure dropped to normal levels 
where it has since remained. In the other three less 
potent hypotensive drugs were substituted. Although 
controlled therapy was continued in all cases for a 
minimum of one month or until the malignant phase 
was reversed, current experience indicates that subse- 
quent maintenance doses may have been inadequate. 

Twenty-two patients died during the course of the 
study. Autopsies were performed on seventeen; 
pathologic sections were available for review in the 


* Hexameton® was supplied through the courtesy of 
Mr. William Creasy, Burroughs Wellcome & Co., 
Tuckahoe, New York. 
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Fic. 1. Comparison of survival of patients with good 
and poor renal function initially, all treated with 
ganglionic blocking agents. 


ten cases examined postmortem at the University of 
California Medical Center. 


RESULTS 


Initiation of Therapy: The interval between 
the diagnosis of malignant hypertension and 
initiation of therapy was relatively short. 
Treatment was started during the initial de- 
velopment of frank papilledema in two cases, 
within one to two weeks in thirteen cases, within 
two to four weeks in six, and after more than 
one month in five. The average period of 
survival of patients in the first three groups did 
not differ significantly. In the group in which 
therapy was delayed a month or more the pa- 
tients survived longer. : 

Symptomatic Changes: Symptomatic improve- 
ment was shown by all patients within a week of 
the initiation of therapy. First, the disabling 
headaches which afflicted more than half the 
patients disappeared or decreased in severity. 
This change was quite striking and often very 
sudden. Blurred vision or blindness subsided 
more gradually as fundal changes receded. 
Relief of nausea and vomiting was striking. 
Signs of congestive failure subsided, especially 
in those patients who survived early acute 
renal failure. Whether this can be attributed 
to the hypotensive medication alone is uncer- 
tain because of the concurrent use of ancillary 
measures. 

Decrease in Blood Pressure: The diastolic 
blood pressure was lowered at least 20 mm. Hg 
in all but two patients. Persistent diastolic 
pressures of 100 mm. Hg or less, however, were 
achieved in only six patients. In the remainder, 
diastolic pressures were reduced from an initial 
level of 130—160 to 110—130 mm. Hg. 
These values, it must be emphasized, were 
derived mainly from casual readings, especially 
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Fic. 2. Comparison of survival in groups of patients 
with good and poor renal function initially, treated and 
untreated. 


in the case of outpatients. Systolic pressures, 
which ranged between 190 to 240 mm. Hg before 
treatment, were reduced below 190 mm. Hg 
in all patients; only six, however, showed a 
consistent reduction to 150 mm. Hg or less. 
The variable effectiveness of therapy in lowering 
the blood pressure in our patients was due in 
part to our reluctance to reduce the pressure 
too drastically in patients with impaired renal 
function. 

Papilledema: ‘Treatment resulted in reversal 
of papilledema in nine of the eleven patients 
with good renal function and in'‘ten of the 
fifteen with poor function. Eyegrounds re- 
turned to Keith-Wagener classification 
or 11'§ within an average of 3.3 months after the 
beginning of therapy. Even when reversal 
was not complete, the degree of papilledema 
decreased and some of the soft exudates and 
hemorrhages were resorbed. In several pa- 
tients papilledema recurred just before death. 

Renal Function: Renal function improved in 


seven patients, and proteinuria decreased or 


disappeared in several; an additional seven 
patients showed no change within the first month 
of therapy. In the remainder, renal function 
progressively deteriorated. 

Electrocardiographic Changes: Serial electro- 
cardiograms were taken on twenty patients.!*:?° 
They showed decrease or disappearance of the 
pattern of left ventricular hypertrophy or is- 
chemia in five cases and no further deterioration 
in four. Progression of the electrocardiographic 
abnormalities occurred in the remainder, es- 
pecially in those who, in retrospect, were in- 
adequately treated. 

Length of Survival: ‘The average survival 
period for the entire group was twenty-one 
months; the patients with good initial renal 
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TABLE 1* 
Cause of Death in Twenty-Two Treated Patients—Postmortem Findings in Sixteen 


861 


Postmortem Findings 


Case Clinica] Cause 
No. of Death Heart Kidney 
(mo.) Weightt eet ant Weight Kidney Lung Brain 
Vessels 
(gm.) (gm.) 


Initial Renal Function: Good 


it 38 Uremia, CHF, 
terminal CVA 
2 31 Uremia, pulmo- 800 Marked aortic and 150 | Nephrosclerosis Atelectasis, pneumonia) Intarcts in small 
nary edema (2.5) coronary sclerosis 160 basal ganglia- 
sclerotic cere, 
bral vessels 
3 21 Uremia, CHF, 650 Moderate aortic and 140 | Nephrosclerosis Congestion, frothy Hemorrhage of 
CVA (2.4) coronary sclerosis 160 parietal cortex 
4t 19 Uremia, CHF, 
pneumonia 
5t 11 Uremia 
6 5 Uremia, erceph- 800 Coronary sclerosis 140 | Nephrosclerosis Pneumonia, congestion,| Normal 
alopathy 180 effusion 
7t 4 Uremia, CVA 
Initial Renal Function: Poor 
8 28 Uremia, CHF, 600 Minimal coronary 90 Congenital hydroure- | Interstitial pneumonia, | Not examined 
pneumonia (2.5) sclerosis 90 ter, hydro- and pye- congestion 
lonephrosis 
9 15 Uremia, cerebral 450 Moderate coronary 90 Chronic glomerulo-, | Congested broncho- Infarct in internal 
hemorrhage, (2.2) sclerosis 90 pyelo- and nephro- pneumonia capsule, cere- 
pneumonia sclerosis bellar hemor- 
rhage 
10 15 Uremia, myocar- mere Recent and old in- Kid Chronic glomeru!o 
dial infarct farcts, coronary nephritis 
sclerosis, dissecting 
aortic aneurysm 
11 12 Uremia, CHF 450 Minimal coronary 90 | Chronic glomerulo- Congested Not examined 
(0.8) sclerosis 80 and pyelonephritis 
12f 9 CVA 
13 8 Uremia 760 Moderate sclerosis 170 Nephrosclerosis, Pulmonary infarct, Infarct in internal 
(2.5) 170 necrotic arteriolitis edema capsule 
14 6 Uremia 750 Moderate corcnary ante Nephrosclerosis, Congested areas of or- | Not examined 
(1.8) sclerosis arteriolonecrosis ganized exudate 
15 5 Uremia, CHF 540 Marked aortic 95 Chronic and subacute | Congestion Normal] 
(1.5) arteriosclerosis, 90 glomerulonephritis, 
minimal coronary nephrosclerosis, ar- 
arteriosclerosis teriolar necrosis 
16 5 Myocardial 746 Coronary sclerosis, 180 Nephrosclerosis, Congestion Edema, extensive 
infarct (1.7) thrombosis, 170 arteriolar necrosis cerebral ar- 
infarct teriosclerosis 
17 4 Uremia, pneu- 370 Moderate coronary 50 Nephrosclerosis Extensive bilateral in- | Ischemic changes 
monia (1.2) sclerosis 50 terstitial pneumonia in basal ganglia 
18 3 Uremia, CHF 510 Moderate coronary 80 | Chronic pyelonephri- | Chronic passive con- | Cerebellar edema 
(2.1) sclerosis 70 tis, nephrosclerosis gestion, acute pul- 
monary edema 
19 2 Uremia, CHF, 590 Minimal sclerosis 240 | Nephrosclerosis, Congestion Edema 
encephalop- (2.5) 245 arteriolar necrosis 
athy 
20 2 Uremia, CVA 510 Coronary and aortic 150 | Nephrosclerosis Normal Old hemorrhage, 
(2.0) sclerosis ; 150 sclerosis of ves- 
| sels 
21t 2 Uremia, pulmo- | 
nary edema 
22 1 Uremia, CHF 280 Normal coronaries 45 Chronic pyelonephri- | Effusion, congestion, Edema 
(child) and aorta 45 tis areas of fibrosis 


* Four of the twenty-six patients were still alive at the end of the study period. 
+ Figures in parentheses = thickness of left ventricular wall in centimeters. 

ft No autopsy performed. 

CHF = congestive heart failure. 

CVA = cerebrovascular accident. 
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function survived an average of thirty-nine 
months and those with poor initial renal func- 
tion an average of 7.8 months. Data on the 
survival of the patients in the two groups are 
compared in Figure 1. Similar data reported 
by various investigators'*:? are compared in 
Figure 2. Of the eleven patients with good 
initial renal function, three died in the first 
year, two in the second, one in the third and one 
in the fourth year. The remaining four were 
still alive in October 1958, five to six years after 
the beginning of therapy. Two of the four 
died subsequently, one of acute myocardial 
infarction and ventricular fibrillation and one 
during anesthesia for a gynecologic procedure; 
the other two were still alive in the seventh 
year of follow-up. Despite therapy none of the 
fifteen patients with impaired renal function 
survived longer than twenty-eight months. 
Twelve died within the first year(eight within the 
first six months). The remaining three patients, 
two of whom had primary renal disease, died 
fifteen, fifteen and twenty-eight months, re- 
spectively, after the beginning of treatment. 
The cause of death and postmortem findings 
are listed in Table I. 


COMMENTS 


Our results confirm published observa- 
tions*:*-!?.21.22 that treatment with ganglionic 
blocking agents will lengthen the survival of 
patients with malignant hypertension, and in 
some cases completely reverse the malignant 
process. The importance of initial renal func- 
tion as a prognostic factor, as noted by Sokolow 
and Schottstaedt*:?* in 1953, is also re-empha- 
sized in this study. 

Treatment with hexamethonium did not 
significantly prolong the life span of patients 
in terminal renal failure with uremia over that 
of untreated patients. In patients with primary 
renal disease or nephrosclerosis with moderate 
renal impairment, treatment resulted in tempo- 
rary arrest of the downhill course, allowing the 
patient’s return to useful activity for a time, 
even though the underlying renal process was 
not reversed. In patients with good renal func- 
tion, adequate therapy usually reversed the 
process completely or at least arrested it, 
thereby lengthening the period of survival. 
The fact that the greatest number of deaths in 
this series occurred within the first six months 
of therapy, however, indicates that treatment 
should be instituted promptly before renal 
function deteriorates. 


The major unpredictable factor in survival 
is the extent of atherosclerosis of the coronary 
and cerebral vessels before treatment, since 
thrombosis or hemorrhage of these vessels may 
cause death, even when the blood pressure is 
under control and there is no further renal de- 
terioration. Also, in the accelerated phase of 
hypertension, atherosclerosis may be irreversi- 
ble and may even progress even though the 
pressure is controlled. 

In the early 1950’s it was feared that substan- 
tial lowering of the blood pressure might lead 
to myocardial or cerebral infarction or acute 
renal shutdown. Subsequent experience has 
shown that gradual lowering of the pressure is 
well tolerated, even in cases of advanced vascu- 
lar disease.*”:** Decreasing the blood pressure 
may also result in reversal of the pathologic 
changes of- the malignant phase, as shown 
by the work of Masson and associates”® in rats 
and McCormack et al.”* in man. 

The degree of improvement in our patients, 
and perhaps the length of survival, might have 
been increased by use of more vigorous and bet- 
ter controlled therapy, as advocated by Perry 
and Schroeder.'' The lengthened period of 
survival in their series of eighty-two patients 
with hypertension and azotemia was due prob- 
ably primarily to the vigor with which therapy 
was pursued. 


SUMMARY AND CONCLUSIONS 


Twenty-six patients with malignant hyper- 
tension were treated with ganglionic blocking 
agents and followed up for a period of at least 
five years, or until death. Of eleven patients 
with satisfactory renal function initially (creati- 
nine clearance greater than 45 ml. per minute), 


- four patients survived five years or longer. 


Of fifteen patients with poor renal function 
initially, none survived three years. In the 
patients with good renal function when first 
seen, death was due to atherosclerotic complica- 
tions, not to cardiac or renal failure. 

The accelerated phase of hypertension can be 
reversed if intensive therapy is instituted before 
severe renal failure has developed. Approxi- 
mately 40 per cent of patients treated before 
renal function is less than half normal can be 
expected to survive five years. With more me- 
ticulous control of therapy, the rate of survival 
probably can be improved. The unpredict- 
able development of atherosclerotic complica- 
tions is the critical factor in determining length 
of survival. It is to be emphasized that the 
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addition to hypotensive therapy of measures for 
treating atherosclerosis, as they become avail- 
able, may prolong survival even further. 

Impaired renal function alters the prognosis 
and if severe, may preclude the use of hypoten- 
sive drugs. Impaired renal function per se, how- 
ever, is no reason for withholding therapy. Cau- 
tious lowering of the blood pressure, with serial 
observations of renal function, may improve 
renal function or prevent its further deteriora- 
tion. Slightly impaired renal function in associ- 
ation with severe hypertension is an indication, 
not a contraindication, to the use of drugs to 
lower the blood pressure.. 
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Cardiac Insufliciency in Chronic Alcoholism’ 


GeorcE E. Burcu, M.D. and JouHn J. WALSH, M.D. 


New Orleans, Louisiana 


E RELATIONSHIP between malnutrition and 
fe panes disease has long been recognized. 
At one time thiamin deficiency, beriberi, was 
thought to represent the only cause of this type 
of cardiac insult. However, in recent years 
there has been a growing appreciation of the 
occurrence of heart disease as a result of multiple 
nutritional deficiencies. Recently attention has 
been directed to the possible role of chronic 
alcoholism in the genesis of cardiac disease, 
probably because alcoholism causes malnutri- 
tion rather than because of any evidence of the 
cardiotoxicity of alcohol per se. Such problems 
of heart disease due to dietary deficiencies re- 
main unsolved, and considerable difficulty 
exists regarding the diagnostic features of various 
types of nutritional heart disease. Nutritional 
cardiac disturbances may be associated with 
other cardiac problems. For example, the 
cardiac complications of thyrotoxicosis -and 
pregnancy may be due in part to dietary in- 
adequacies. With the appreciation of these 
facts and with the recognition that malnutrition 
is one of the most common disease states from 
which man suffers, the significance of nutritional 
heart disease becomes apparent. 

For some time we have been aware of different 
clinical syndromes of heart failure associated 
with alcoholism. Many patients with chronic 
alcoholism have not exhibited the classic clinical 
features and course of beriberi heart disease. 
In view of the state of knowledge concerning 
nutritional heart disease, it seemed worth 
while to publish these observations. 


CaAsE REPORTS 


Case 1. R. C., a forty-five year old white man, 
was first hospitalized in December 1956 because of 
edema and dyspnea of one week’s duration. He had 
similar symptoms approximately one month prior to 


episode disappeared spontaneously. During the 
week preceding hospitalization he had noted transi- 
tory periorbital edema. The patient had been a 
chronic alcoholic, drinking heavily for many years 
and had followed a grossly deficient diet. 

Physical examination revealed a poorly nourished 
male in moderate respiratory distress. Blood pressure 
was 126/60 mm. Hg, and pulse rate was 96. In 
addition to basilar rales, there was cardiac enlarge- 
ment and a diastolic gallop rhythm. The liver 
extended 3 cm. below the right costal margin. The 
electrocardiogram was compatible with early right 
ventricular hypertrophy (Fig. 1). Teleoroentgeno- 
gram revealed cardiomegaly with some prominence 
of the pulmonary outflow tract (Fig. 2). Liver 
function tests were consistent with the clinical 
diagnosis of Laennec’s cirrhosis. In addition to 
hypochromic microcytic anemia and a blood urea 
nitrogen level of 38 mg. per cent, the only other aber- 
ration noted in extensive laboratory testing was 
hyponatremia ranging from 120 to 125 mEq./L. 
During the first week of hospitalization the patient 
was digitalized and placed on a maintenance dose. 
Salt restriction was ‘imposed and a nutritious diet 
with supplemental multiple vitamins was provided. 

Clinical Course: The patient continued to manifest 
increasing degrees of edema, weight gain and dyspnea. 
Roentgenography indicated further cardiac enlarge- 
ment. After seven days of obvious deterioration, the 
patient’s condition stabilized. Mercurial diuretics 


. and supplemental oral thiamin chloride were begun 


and continued. Subsequently the patient exhibited 
gradual improvement. Digitalis was discontinued 
at the end of the third week of hospitalization. By 
this time the blood urea nitrogen and serum sodium 
concentration had returned to normal and _ the 
patient had lost 15 pounds. After a total of six 
weeks of hospitalization, the heart had returned to 
normal size (Fig. 2) and the patient was discharged. 

Second Admission: Approximately one year later he 
was rehospitalized because of difficulty in walking. 
Paresthesias and weakness of both lower extremities 
had appeared two months prior to admission and 


progressed in severity until the patient could not 
walk. He had continued to drink heavily and to 


admission in association with bilateral exertional 
calf pain and questionable tenderness. This latter 


* From the Department of Medicine, Tulane Medical School, the Charity Hospital of Louisiana, and the Cardiovas- 
cular Research Laboratory of the U. S. Public Health Service Hospital, New Orleans, Louisiana. This study was 
aided in part by U. S. Public Health Service Grant C-940. 
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Fic. 1. Case 1. Serial electrocardiograms. Changes 
compatible with early right ventricular hypertrophy 
were present initially but promptly disappeared with 
treatment. 


follow a deficient diet since his discharge from the 
hospital one year previously. Examination revealed 
the blood pressure to be 140/80 mm. Hg and the 
pulse rate 96. The only abnormal physical findings 
were loss of the Achilles and patellar deep tendon 
reflexes bilaterally. Liver function ‘tests were once 
more consistent with cirrhosis. Teleoroentgenogram 
revealed slight cardiomegaly, minimal pneumonitis 
and a limited pneumothorax (Fig. 2C). The electro- 
cardiogram was within normal limits (Fig. 1.) 
The pulmonary infiltrate and pneumothorax dis- 
appeared without specific therapy. In addition to a 
nutritious diet and multivitamin therapy, supple- 
mental thiamin chloride was given. Because of 
persistent tachycardia, exertional dyspnea and 
demonstrable cardiomegaly, the patient was digital- 
ized without appreciable benefit. He was discharged 
ambulant after eight weeks of hospitalization to 
continue outpatient supervision. 


Comment: Although peripheral neuropathy 
did not appear until one year after congestive 
heart failure occurred, it appeared that this 
patient had beriberi heart disease, chronic 
general malnutrition and alcoholism. No re- 
sponse to digitalis and salt restriction was noted. 
Although improvement began after diuretic 
therapy was started, it also occurred after an 
interval usually expected with intensive oral 
treatment of beriberi. The persistence of 
cardiac disease in spite of treatment, noted 
during the second hospitalization, is consistent 
with the history of continued malnutrition and 
with the development of permanent heart 


‘NOVEMBER 1960 


disease. This has been reported frequently 
in beriberi. 

When hepatic cirrhosis is associated with 
chronic alcoholism, clinicians debate the role 
of alcohol in the production of liver disease. 
The situation is very similar in the cardiac 
status of this and the patients to be described. 
To ignore the role of alcohol in the production 
of cardiac disease is to ignore a factor which is 
known to damage cells and alter their function. 
It would appear quite possible that alcohol was 
an important contributing etiologic factor. 
That alcohol was imbibed in large quantities is 
fully established in this patient, and its possible 
role in the production of myocardial damage 
must be considered. 


Case 2. L. B., a thirty-two year old white bar- 
tender, was hospitalized in July 1955 because of 
exertional dyspnea and calf pain. He had been 
asymptomatic until three weeks prior to admission, 
when ‘exertional dyspnea, cough with blood-tinged 
sputum, and bilateral calf tenderness and pain on 
exertion developed. His past history was non- 
contributory with the exception of a long history of 
excessive alcohol ingestion and dietary inadequacy. 

On examination, his blood pressure was 134/88 mm. 
Hg, pulse 120 and respiration 22. There was edema 
in the lung bases. In addition to moderate cardio- 
megaly, a diastolic gallop rhythm was noted. The 
liver was palpated 2 cm. below the right costal 
margin. There was no calf tenderness but the deep 
tendon reflexes were depressed in the lower extremities. 
Venous pressure was 160 mm. of water and the arm to 
tongue circulation time twenty seconds. Laboratory 


‘studies revealed slight decrease in serum albumin/ 


globulin ratio and bromsulfalein retention of 25 per 
cent. Teleoroentgenograms revealed moderate 
generalized cardiomegaly, particularly of the left 
ventricle, with associated pulmonary congestion. 
The electrocardiogram was normal except for 
inverted T waves in lead 1. 

The patient was treated with salt restriction, 
supplemental vitamins, a nutritious diet and bedrest. 
Within six weeks he was asymptomatic, his electro- 
cardiogram and heart size having returned to normal. 


Comment: This patient’s history, extrathoracic 
physical findings, electrocardiograms and re- 
markable response to good nutrition are all 
in keeping with heart disease due to nutritional 
deficiency. The features of cardiac insufficiency 
presented on admission were in no way different 
from those found in the more common types of 
heart failure. Again, this patient consumed 
large quantities of alcohol, and alcoholic intake 
was stopped during therapy. This was as- 
sociated with recovery. 
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Fic. 2. Case 1. 


Case 3. F.E., a thirty-seven year old Negro man, 
was hospitalized in May 1958 because of dyspnea 
and abdominal swelling of one month’s duration. 
Although previously in good health, he noted the 
gradual onset of dyspnea, abdominal swelling, pedal 
edema and cough. Past history was negative with 
the exception of ten years of chronic alcoholism and of 
malnutrition beginning some months preceding the 
onset of the present illness. 

Examination revealed a blood pressure of 110/75 
mm. Hg and a pulse rate of 120. There was marked 
cardiomegaly, a loud blowing apical systolic murmur 
and a diastolic gallop rhythm. There was edema 


Burch and Walsh 


Serial teleoroentgenograms. A, taken on admission to hospital on December 13, 1956; 
B, taken on December 31, 1956; C, taken on January 8, 1958; D, taken on February 8, 1958. 


in both lung bases, moderate ascites, pedal edema and 
enlargement of the liver to 4 cm. below the right costal 
margin. The arm to tongue circulation time was 
thirty-eight seconds. Laboratory studies were within 
normal limits. Teleoroentgenograms of the chest 
revealed pulmonary congestion, minimal pleural 
effusion and generalized cardiomegaly. Electro- 
cardiograms indicated generally low voltage of T 
waves with inversion in all precordial leads. 
Treatment consisted of digitalis, diuretics, salt 
restriction, supplemental multivitamins and a nutri- 
tious diet. On this regimen the patient became 
asymptomatic, free from edema and showed a 
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reduction in heart size to normal in less than two 
weeks. Digitalis was discontinued and he was 
discharged to duty after one month’s hospitalization. 


Comment: This patient presented the picture 
of severe congestive heart failure of the usual 
type. His rapid, complete recovery and history 
of dietary inadequacies are the only features 
to suggest a nutritional basis for the cardiac 
disease, except for the absence of any other de- 
tectable etiologic process. This patient also 
had consumed large quantities of alcohol. 
This was discontinued during therapy. 


Case 4. S. K., a forty-eight year old white man, 
was hospitalized in December 1956 because of 
exertional dyspnea. Four months prior to admission 
the patient experienced a rather severe upper 
respiratory infection which gradually subsided with- 
out treatment. However, pedal edema and exertional 
dyspnea which had appeared during the course of the 
infection became progressively more severe. Shortly 
before admission to the hospital, abdominal swelling 
was noted for the first time. Past history and system 
review were noncontributory with the exception of a 
long history of excessive alcohol ingestion. 

Physical examination revealed cervical venous disten- 
tion, marked cardiomegaly, bilateral pulmonary 
congestion, a diastolic gallop rhythm and hepato- 
megaly. The blood pressure was 120/90 mm. Hg 
and the pulse rate 106. Teleoroentgenograms in- 
dicated generalized cardiomegaly. The electro- 
cardiogram revealed broadening of P waves in the 
standard leads, inversion of T waves in lead 1 and 
in all precordial leads, and isoelectric T waves in 
leads m and m. All other laboratory studies were 
within normal limits. 

Clinical Course: The patient was treated with 
digitalis, salt restriction, supplemental vitamins and 
a nutritious diet. Diuresis resulted in an 18 pound 
weight loss within seven days. All symptoms of 
congestive heart failure disappeared. There was 
little reduction in cardiac size, however. The 
inverted T waves remained in the standard leads 
and V, to Vs_ The patient was discharged to out- 
patient status after two weeks of hospitalization. 
Follow-up examination four months later revealed 
further reduction in heart size although the heart was 
still large. The patient continued on digitalis and 
complained little of orthopnea and_ exertional 
dyspnea. 

Comment: None of the usual causes of heart 
disease could be found in this patient. Chronic 
alcoholism and malnutrition were present and 
could have produced the heart disease. The 
appearance of symptoms of heart failure during 
the latter part of a severe respiratory infection 
are consistent with the precipitation of beriberi 
by the increased thiamin requirements of the 
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infectious state. However, the possibility of 
myocardial damage due to infection cannot 
be dismissed. The clinical picture was not 
typical of beriberi heart disease. Prompt re- 
sponse to therapy, even though only to a limited 
extent, favors.a nutritional disturbance. The 
entire clinical course was typical of that seen in 
alcoholism. Although malnutrition may have 
been an important factor in the production of 
the disease and the myocardial damage, ir- 
reversible toxic effects from the alcohol cannot 
be ignored as a possible important contributing 
etiologic factor. 


Case 5. A. A., a thirty-six year old Negro man, 
was admitted to the hospital in May 1958 complain- 
ing of dyspnea of two weeks’ duration. This symp- 
tom appeared acutely and was soon followed by 
progressive abdominal swelling and paroxysmal 
nocturnal dyspnea. He had been a severe chronic 
alcoholic for at least fifteen years and had been 
treated on several occasions for delirium tremens. 
With the onset of symptoms he discontinued alcohol 
and “began to try to eat” after many months of 
little food intake. 

Physical examination revealed cardiomegaly, ac- 
centuation of the second pulmonic sound and a 
blowing systolic murmur in the second left inter- 
space. The blood pressure was 110/45 mm. Hg 
and the pulse rate 100. The liver was palpated 3 cm. 
below the right costal margin and ascites was present. 
The arm to tongue circulation time was thirteen 
seconds and the venous pressure 265 cm. of water. 
Laboratory studies were within normal limits with 
exception of bromsulfalein retention of 24 per cent 
and reduction in the albumin/globulin ratio. The 
initial electrocardiogram (Fig. 3) showed low T 
waves in leads 1 and n, and inversion of T wave in 
leads V4 to Vs. There was a prominent slurred S 
wave in leads 1 and V;. These manifestations 
indicated early right ventricular hypertrophy. Teleo- 
roentgenography revealed generalized cardiomegaly 
with bilateral pulmonary congestion (Fig. 4A). 

Course: The patient was treated with salt restric- 
tion, a nutritious diet with supplemental vita- 
mins, and 1 gm. of chlorothiazide daily for ten 
days. During the first seventy-two hours of hospital- 
ization he gained 5 pounds and experienced some 
worsening of symptoms. In the succeeding seven 
days he lost 30 pounds, became asymptomatic, and 
his electrocardiogram returned to normal (Fig. 3). 
There was a significant decrease in heart size (Fig. 
4B). After one month he was discharged from the 
hospital. Two months after having been admitted to 
the hospital he was allowed to return to work. At 
that time cardiomegaly was much less marked but 
persisted. 


Comment: Initially this patient did not re- 
spond to salt restriction, diuretics and bedrest 
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Fic. 3. Case 5. 


hospital and after approximately ten days of treatment. 


M4 6 


Serial electrocardiograms taken at time of admission to 


The initial findings, 


consistent with early right ventricular hypertrophy, are not present on the 


second tracing. 


A 


Fic. 4. Case 5. 
on June 17, 1958. 


but became worse during the first three days of 


treatment. During this same period he was 
treated with oral vitamins and a nutritious diet; 
alcoholic intake was stopped. After the initial 
lag he responded rapidly and dramatically, as 


B 


A, x-ray film of chest taken on admission to hospital on May 28, 1958; B, x-ray film of chest taken 
Cardiac enlargement noted initially is no longer present. 


would a patient with nutritional heart disease. 
His initially rapid arm to tongue circulation 
time is consistent with the diagnosis of beriberi 
heart disease, as is the widened pulse pressure 
and predominently right-sided heart failure. 
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He returned to full duty too early, however. 
The clinical picture and possible etiologic 
factors for the myocardiopathy are similar to 
those in the previous patients. 


Case 6. L. B., a thirty-five year old barber, was 
hospitalized in January 1958 because of possible 
pulmonary infarction. Two weeks prior to admission 
he experienced the sudden onset of cough, chest 
pain and dyspnea. These symptoms became more 
severe during the succeeding twelve days, resulting in 
admission to another hospital. The diagnosis of 
auricular fibrillation, congestive heart failure and 
possible pulmonary embolism was made, and the 
patient was digitalized. After forty-eight hours he 
was transferred to the Charity Hospital, suffering 
from delirium tremens. Past history was not signifi- 
cant except for severe chronic alcoholism and a poor 
diet. 

Physical examination at the time of admission revealed 
the temperature to be 103°r., blood pressure 102/64 
mm. Hg and pulse 110. Moderate dehydration and 
delirium tremens were present. There was con- 
siderable cardiomegaly with a diastolic gallop 
rhythm. The electrocardiogram revealed inversion 
of the T waves in leads1, Vs and Teleoroentgen- 
ography confirmed the presence of considerable 
cardiomegaly, but no pulmonary lesions were seen. 
All laboratory studies were within normal limits with 
the exception of a mild leukocytosis. The patient 
had a mild pneumonitis which was treated with 
parenteral antibiotics. Within five days the patient 
became afebrile and asymptomatic. He promptly 
deserted the hospital. 

Subsequent Course: Three months later he was 
rehospitalized at the request of his private physican. 
The patient stated that following his first hospitaliza- 
tion he returned to work and continued drinking 
heavily. He felt weak and easily fatigued. About one 
month after deserting the hospital, he noted the onset 
of exertional dyspnea and occasional sporadic 
syncopal episodes. These symptoms persisted until 
the time of admission. Four days prior to rehospital- 
ization paroxysmal nocturnal dyspnea developed with 
pink frothy sputum and severe orthopnea. His 
family physician began digitalization and referred 
him to the hospital. 

Physical examination on admission revealed a pulse 
rate of 112 and a blood pressure of 120/70 mm. Hg. 
In addition to cardiomegaly and a soft blowing apical 
systolic murmur, there was a diastolic gallop rhythm. 
Generalized cardiomegaly was present on the ad- 
mission teleoroentgenogram of the chest. The 
electrocardiogram revealed inversion of T waves in 
leads 1, 1, aVL, and V4 to V6, with isoelectric T waves 
in V2. and V3. The remainder of the laboratory 
studies were within normal limits. 

The patient received digitalis, a nutritious diet 
and supplemental vitamins. He rapidly improved 
and was discharged asymptomatic to duty in six 
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weeks. Teleoroentgenograms revealed that the 
heart had returned to normal size within six weeks 
after admission to the hospital. 


Comment: During the initial hospitalization 
this patient presented evidence of heart disease 
and chronic alcoholism. Once more the ap- 
pearance of an infectious process may have 
precipitated the clinical manifestations. How- 
ever, the patient left the hospital before evalua- 
tion could be completed. With continued 
drinking and poor nutrition, symptoms of 
cardiac insufficiency became apparent and 
progressed in severity until he was readmitted 
to the hospital. His left ventricular failure 
responded completely to routine treatment. 


Case 7. E. E., a thirty-six year old Negro man, 
was hospitalized in April 1959 with a complaint of 
shortness of breath. Two weeks prior to admission he 
noted the onset of progressive exertional dyspnea and 
pedal edema. In the week preceding hospitalization 
he experienced repeated episodes of paroxysmal 
nocturnal dyspnea. Past history was not remarkable 
with the exception of a five to six-month history of 
the ingestion of at least 1 quart of port wine daily. 
Prior to this time his consumption of alcohol had 
been heavy, but his diet appeared adequate. How- 
ever, during the period of increased consumption of 
alcohol his diet had become grossly inadequate. 

Physical examination revealed the blood pressure to 
be 128/110 mm. Hg and the pulse 96. Bilateral 
pulmonary congestion was present. In addition to 
gross cardiomegaly a diastolic gallop rhythm was 
noted. There was marked pitting edema to the 
level of the sacrum. Laboratory studies were within 
normal limits with the exception of moderate eosino- 
philia and elevation of the sedimentation rate. 
Teleoroentgenograms indicated generalized cardio- 
megaly, bilateral pulmonary congestion and a 
right pleural effusion. Initial electrocardiograms 
revealed inversion of T waves in leads 1, aVL and V6¢. 

Treatment consisted of salt restriction, digitaliza- 
tion, diuretics, a nutritious diet and elimination of 
alcoholic intake. Within one week the patient lost 
20 pounds and exhibited dramatic symptomatic im- 
provement. After an additional ten days his heart 
had returned to normal size and he was completely 
symptom-free. After a total of four weeks’ hospital- 
ization he returned to work. 


Comment: Once more the clinical picture was 
typical, severe combined ventricular failure. 
With the exception of his dietary history this 
patient had nothing to suggest berberi. His 
complete response to routine treatment was 
dramatic. There was no clinical evidence of 
malnutrition except for the history. However, 
as in the other patients of this study, he had a 
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heavy intake of alcohol. The latter was dis- 
continued in association with the other measures 
and recovery ensued. The possible etiologic 
role of alcohol in the production of the cardiac 
damage in this patient is more evident than in 
the patients described previously. 


Case 8. N. W., a thirty-six year old Negro man, 
was hospitalized with a chief complaint of swelling of 
the feet and abdomen. During the six months 
preceding admission he had noted pedal edema. 
During the week immediately preceding hospitaliza- 
tion abdominal swelling, exertional dyspnea and 
finally episodes of paroxysmal nocturnal dyspnea 
developed. He had been drinking at least one- 
fifth of a gallon of whiskey daily during the five years 
preceding hospitalization. However, his diet had 
been adequate until the last year. 

Physical examination revealed cardiomegaly, a 
blowing apical systolic murmur and ascites. Venous 
pressure was 250 mm. of water; arm to tongue 
circulation time was twenty seconds. Laboratory 
studies revealed 24 per cent retention of bromsulfalein 
and an albumin/globulin ratio of 1/1. Teleoroent- 
genograms revealed generalized cardiomegaly. Serial 
electrocardiograms indicated left ventricular hyper- 
trophy and changes suggestive of right ventricular 
hypertrophy. Liver biopsy showed portal fibrosis 
with fatty metamorphosis and focal hepatocellular 
necrosis. 

The patient was treated with bedrest, supple- 
mental thiamin hydrochloride and elimination of 
alcohol intake. Within one week he lost 26 pounds 
and became asymptomatic. His heart returned to 
normal size within four weeks of admission to the 
hospital, and liver function tests were within normal 
limits on discharge. 


Comment: 


The history of malnutrition, a 
rapid arm to tongue circulation time, right 


ventricular failure, and the complete and 


dramatic response to thiamin therapy are all 


factors which favor the diagnosis of beriberi 
heart disease. Persistence of the left ventricular 
hypertrophy pattern on the electrocardiograms 
suggested the possibility of permanent cardiac 
damage although these findings may disappear 
in time. However, as in the other patients, 
alcohol played a prominent role in the patient’s 
illness. Toxic damage to the myocardium 
certainly is possible. 


COMMENTS 


Since Aalsmeer and Wenckebach! published 
the first complete descriptions of beriberi 
heart disease, diagnostic boundaries have been 
repeatedly extended until there are no longer 
any generally accepted criteria of thiamin- 
deficient heart disease.2~'° The initial im- 


pression of predominant right heart failure with 
hyperkinetic circulation was superseded by the 
syndrome of nonspecific heart failure accom- 
panied by peripheral neuropathy or pellagra. 
In turn, the last version was followed by that of 
any undetermined type of heart failure which 
occurs in the presence of a deficient diet and 
responds to thiamin. Not all cases of beriberi 
heart disease respond promptly to thiamin and 
some severe, chronic instances of this type of 
heart disease fail to respond significantly. 
Thus the current concept represents in fact a 
further extension of diagnostic criteria. 


VITAMIN DEFICIENCIES AND HEART DISEASE 


The relationship of vitamin deficiencies other 
than thiamin to cardiac disease is even more 
tenuous. In the case of niacin, the issue is 
clouded by the frequent coexistence of thiamin 
and other vitamin (known and unknown) 
deficiencies. Several reports!'~ have _indi- 
cated the presence of electrocardiographic 
abnormalities in pellagrous patients. One re- 
port noted that such abnormalities failed to 


-respond to thiamin but disappeared with niacin 


therapy." There are no clinical or necropsy 
evidences of myocardial involvement in man 
with pellagra. 

Although pyridoxine deficiency has never 
been correlated with cardiac disease in man, 
there is ample evidence of its effects on the 
cardiovascular system of animals. Thus in 
dogs!®:16 cardiac insufficiency and death oc- 
curred with pyridoxine deprivation. Autopsy 
studies revealed enlargement of the right-sided 
chambers of the heart and chronic passive 
congestion of the liver. Hypertension was 
noted in this species, as in rats rendered de- 
ficient in pyridoxine. In the latter instance, 
however, there were no lesions attributable to 
the deficiency state.” 

Scurvy has been reported to produce cardiac 
enlargement, primarily of the right chambers." 
However, such cases are rare. Often the diag- 
noses have been questioned, either with respect 
to lack of histologic studies or absence of data 
which would permit the definite exclusion of 
coexisting thiamin deficiency.’*° As a com- 
plication of the hemorrhagic tendencies of 
scorbutic patients, bloody pericardial effusions 
may occur. Definite myocardial abnormalities 
have been associated with vitamin C deficiencies 
in animals. These include fatty and other 
degenerative lesions as well as nonspecific 
valvulitis, endocarditis and myocarditis.71~™ 
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In spite of a recent interest in vitamin E in 
heart disease, no instances of cardiac disease 
due to deficiency of this vitamin have been 
reported in man. Animal studies have re- 
vealed fibrotic or active inflammatory lesions 
following deprivation of this vitamin.”*:** Elec- 
trocardiographic studies in vitamin E-deficient 
cattle revealed a progressive decrease in QRS 
amplitude with an increasing delay in conduc- 
tion.?? 

Vitamins A and D are stored in such excess 
that many months of total deprivation are re- 
quired to induce deficiency states. Accord- 
ingly, deficiencies of the water-soluble vitamins 
appear much earlier. In those cases in which 
the lack of either of these vitamins has been 
blamed for cardiac lesions,’ the coexistence of 
thiamin and other deficiency states cannot be 
eliminated. Animal experiments have failed 
to reveal changes in the electrocardiogram of 
rats rendered deficient in either of these food 
elements.”8 It is of interest, however, that 
calcification of the myocardium and cardiac 
valves was histologically demonstrated in a 
thirty-two year old woman who suffered from 
vitamin D intoxication.”® 


NUTRITIONAL HEART DISEASE 


The effects on the heart of malnutrition and 
starvation include reduction in muscle mass, 
followed by variable evidence of myocardial 
degeneration and brown atrophy.*® In Africa 
at least two types of nutritional heart disease 
have been noted. One is myocardial degener- 
ation and electrocardiographic abnormalities in 
association with kwashiorkor.** This de- 
ficiency state is apparently due primarily to 
protein lack, particularly complete proteins, 
rather than the deficiency of any single amino 
acid. Most, if not all, patients suffer from 
generalized chronic dietary deficiency. The 
prognosis is good if treated early enough, al- 
though the extent of the process at the time of 
diagnosis and the continuation of adequate nu- 
trition are both of vital significance in deter- 
mining the future of any patient with kwashior- 
kor. 

A second type of “deficiency” heart disease 
has been described by Gillanders.*** This 
syndrome, quite commonly encountered in the 
Bantu, is characterized by generalized cardio- 
megaly, gallop rhythm, coexistent liver disease 
and marked edema. The extent of the latter 
might be judged by the notation that most 
patients had chemosis and ascites, almost half 
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had bilateral hydrarthrosis of the knee and one- 
fifth of the patients had bilateral hydrocele. 
Of sixty-six patients, all but six have shown his- 
tologic evidence of liver disease. These altera- 
tions included passive congestion and distention 
of the central lobular sinusoids with variable 
atrophy of the surrounding liver cells and slight 
fibrosis. Additionally, there was microscopic 
evidence of primary liver disease in practically 
all patients. The hepatic lesions were con- 
sidered to be those of chronic malnutrition. 

Endomyocardial Fibrosis: In addition to the 
aforementioned, two somewhat similar clinical 
syndromes have been reported. The endo- 
myocardial fibrosis encountered by Davies*:*® 
in Uganda and by Bedford, Evans and Kon- 
stam** in East and West Africans stationed in 
the Middle East appear to have much in com- 
mon. Both processes are characterized by 
endomyocardial fibrosis which may be quite 
extensive and by predilection for young adults. 
However, the syndromes differ in that Davies 
emphasizes the frequency and significance of 
atrioventricular valvular insufficiency and of 
extensive endocardial fibrosis, occasionally lead- 
ing to partial ventricular obliteration, while 
Bedford, Evans and Konstam note the frequency 
of aortic hypoplasia in their patients. In each 
instance the specific cause has not been demon- 
strated but impaired nutrition was a possible 
contributory factor. 

Both groups of patients consisted of young 
adults who experienced a relatively short 
clinical course marked by rather poor response 
to all forms of therapy and a high mortality 
rate. However, significant differences were 
noted in that Davies’ patients, subsequently 
shown by postmortem examination studies to 
have more extensive endocardial fibrosis, usually 
presented the clinical picture of atrioventricular 
valve insufficiency, particularly mitral. A mi- 
nority exhibited the features of nonspecific 
myocardial failure and had an even poorer 
prognosis. Bedford’s series, on the other hand, 
uniformly presented the clinical features of 
myocardial insufficiency, frequently with low 
blood pressure, diminution in pulse pressure 
and roentgenographic findings consistent with 
aortic hypoplasia. 

Cardiovascular Collagenosis: To complicate 
matters further, still another entity has been 
reported from Africa by Becker and co-workers.*” 
Entitled cardiovascular collagenosis with 
parietal thrombosis, this syndrome is character- 
ized by mural thrombosis and by myocardial 
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and generalized connective tissue lesions similar 
to those found in the diffuse collagen diseases. 
The clinical picture and course are typical only 
of severe and rapidly progressive congestive 
heart failure in the absence of common etiologic 
factors. However, in many instances dyspnea, 
tachycardia, hepatomegaly and serous cavity 
effusions were disproportionately severe when 
compared to the degree of congestive heart 
failure present. The authors made no mention 
of nutrition in their report, but indicate that of 
those patients in whom appropriate data were 
available, anemia and hypoproteinemia oc- 
curred in a significant number. 

Each of the cited reports from Africa de- 
scribes a somewhat different syndrome. How- 
ever, review of the cases included in various 
series indicates that differentiation is not 
absolute. Thus a small number of any one 
author’s cases may meet the diagnostic criteria 
of another syndrome, described by a different 
investigator. Significantly, endomyocardial 
fibrosis has been reported from other areas. 
In America, Smith and Furth*® described five 
patients whose clinical course and autopsy 
findings were similar to those described by 
Davies. Each of these patients gave a history 
Gray*®® reported two 


of dietary deficiencies. 
similar cases which he had encountered in 
England. Both patients were Europeans who 
had spent considerable time in West Africa and 
in whom there was no evidence of malnutrition. 
Similarly McKusick*® reported extensive endo- 
cardial fibrosis in the apparent absence of 


impaired nutrition. Even allowing for lack of 
recognition, however, it would appear that the 
syndromes reported from Africa are only rarely 
met with in other areas. 

Etiology of Reported Cases: The relationship 
between the cases reported herein and nutri- 
tional heart disease other than beriberi is con- 
jectural. Although our patients must have 
suffered from multiple subclinical deficiencies, 
one cannot conclude that their cardiac dis- 
ease was due to these multiple deficiencies and 
not to thiamin deprivation. Rather, we must 
accept the existence in the alcoholic of a broad 
spectrum of clinical syndromes of cardiac in- 
sufficiency due to general malnutrition. It is 
almost impossible for man to have a purely 
single nutritional deficiency. Many factors, 
many unknown, are probably also deficient. 
We must, therefore, concede the possibility 
of etiologic significance of a deficiency or of 
deficiencies other than thiamin. Only further 


observation and investigation will clarify the 
situation. The persistence of clinical, electro- 
cardiographic and roentgenographic indications 
of heart disease after adequate therapy has been 
noted in some of the nutritional states reported 
from Africa as well as in beriberi. In the latter 
instance it is uncommon and raises the pos- 
sibility of a deficiency other than, or in addition 
to, thiamin, although irreversibility in some 
cases must be merely a function of duration and 
extent of thiamin deprivation. 


ALCOHOL AND CARDIAC DISEASE 


Almost 100 years ago a localized form of cir- 
rhosis, occurring in the myocardial wall and 
trabeculae carneae' in the absence of impaired 
coronary circulation, was ascribed to chronic 
alcoholism.** More recently Eliaser* reported 
the existence of alcoholic myocardosis unrelated 
to hepatic cirrhosis or vitamin deficiency. 
In this syndrome there were no manifestations 
of cardiac disease other than electrocardio- 
graphic abnormalities indicative of altered 
left ventricular repolarization. These aber- 


_ rations disappeared after several days of ab- 


stinence from alcohol. Brigden,* in a discussion 
of the noncoronary cardiomyopathies, included 
a group of chronic alcoholics in, whom cardiac 
disease was attributed to excessive alcohol in- 
gestion. The patients were uniformly well 
nourished, failed to present evidence of hyper- 
kinetic circulatory changes and did not re- 
spond significantly to large doses of thiamin. 
Although their initial response to treatment was 
good, they experienced repeated episodes of 
congestive heart failure and showed a diminish- 
ing response to therapy. 

For some time alcoholic cardiomyopathy has 
been of concern to Evans,“ who described dis- 
tinctive electrocardiographic findings in this 
syndrome. ~ These consist of dimpled, cloven or 
spinous T waves. Multiple ectopic contrac- 
tions of multifocal origin, occurring in the 
presence of moderate tachycardia, are also con- 
sidered to be of diagnostic value. The late 
clinical picture described by this author is one 
of high output cardiac failure. Discontinua- 
tion of alcohol early in the course of the disease 
will lead to reversal of clinical and electro- 
cardiographic abnormalities. In Evans’ ex- 
perience supplemental thiamin therapy is un- 
necessary. 

The clinical syndrome of the patients pre- 
sented was prominently colored by the severe 
alcoholism in every instance. In addition, 
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therapy Was associated with elimination of al- 
coholic intake. To focus attention on the dietary 
and other factors and to eliminate the alcohol 
completely as a contributing factor is certainly 
erroneous. The possible etiologic toxic in- 
fluence of this agent on the myocardium is con- 
siderable and can be as important as it is in 
hepatic degenerative disease. It cannot be 
denied that all patients described in this report 
had been drinking large quantities of alcohol 
each day for a long period of time. Also, 
during therapy alcohol ingestion was stopped. 
Therefore, the only two definite findings in all 
patients pertain to alcohol, whereas the extent 
of malnutrition or significance of change in 
nutrition or vitamin therapy were not clearly 
defined. It would appear that the role of alco- 
hol in the production of the heart disease should 
not be ignored. Malnutrition, infection and 
other factors may have contributed to the clin- 
ical state. This association of heart disease 
with alcoholism has been noted for many years 
at the Charity Hospital, but the cause and effect 
relationship has been no more definite than in 
these patients although it was considered to be 
probable. This relationship needs further study 
and clarification.’ 


SUMMARY 


The frequent coexistence of malnutrition and 
heart disease with an obscure cause is a world- 
wide phenomenon. In only a few instances has 
a causal relationship between these entities 
been accepted, e.g., kwashiorkor, beriberi. 
Nevertheless, circumstances suggest similar in- 
stances which demand further study. 

Consideration must also be given to the pos- 
sibility that alcohol per se may have a direct 
toxic effect on the heart. 

To illustrate these problems further, eight 
cases are reviewed. The clinical picture and 
course exhibited by these patients ranged from 
that of classic beriberi heart disease to typical 
nonspecific heart failure. In every instance 
alcoholism was a prominent feature of the 
clinical syndrome. 
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Cardiovascular Findings in Children with 
Sickle Cell Anemia® 


HERBERT SHUBIN, M.D., RUEBIN KAUFMAN, M.D., Morse SHAPIRO, M.D. and 
Davin C. LEVINSON, M.D. F.A.C.C. 


Los Angeles, California 


HILDREN with sickle cell anemia often pre- 
& sent evidence of cardiovascular involve- 
ment. Heart murmurs, roentgenographic 
evidence of cardiac enlargement, ‘‘flooded” 
lung fields and electrocardiographic abnor- 
malities may be noted. Right heart cathe- 
terizations were done in seven Negro children 
having hemoglobin S in excess of 90 per cent 
and hematocrits ranging from 18 to 27 per 
cent. The clinical, laboratory and hemody- 
namic findings are reported. 


CasE HIsTORIES 


Case 1. This six year old girl (D. K.) had 
exertional dyspnea and fatigue since early child- 
hood. She had a history of recurrent abdominal 
pain and of syncope on several occasions. Growth 
had been slow and on admisson to school her weight 
was 34 pounds. Routine physical examination at 
that time revealed a heart murmur and in the course 
of her cardiac investigation she was discovered to 
have sickle cell anemia. 


Case 2. This eight year old girl (V. H.) was 
discovered to have sickle cell anemia at the age of four 
when she was investigated for exertional dyspnea and 
fatigue. She had recurrent tonsillitis and numerous 
upper respiratory infections. At the age of seven 
pneumonia developed and a heart murmur was 
noted at that time. 


Case 3. This nine year old girl (C. W.) had 
exertional dyspnea and fatigue from early childhood. 
She was discovered to have sickle cell anemia at the 
age of five for which she was given a transfusion. 
Cardiomegaly and a heart murmur were noted at that 
time. The severity of the anemia necessitated a 
number of blood transfusions over the next several 
years. She had frequent bouts of tonsillitis, otitis 
media and upper respiratory infections. Pain in the 
abdomen and lower extremities occurred inter- 
mittently. 


Case 4. This twelve year old girl (J. E.) had a 
history of weakness, malaise, exertional dyspnea and 
fatigue from early childhood. Upper respiratory 
infections were frequent. There were occasional 
attacks of left upper quadrant pain and abdominal 
colic. Following an initial blood transfusion at the 
age of six she received a number of transfusions over 
the next several years. 


Case 5. This thirteen year old girl (M. P.) was 
found to have sickle cell anemia at the age of nineteen 
months and during the next few years received a 
number of blood transfusions. Exertional dyspnea 
and fatigue were present from early childhood. A 
heart murmur was first detected at two years of age 
and slight cardiomegaly at the age of three. She had 
frequent upper respiratory infections including 
pneumonia on two occasions. Epigastric pain 
occurred once or twice weekly and was usually 
brought on by moderate exercise. At the age of 
twelve gallstones were found. She was given trans- 
fusions until the hemoglobin rose from 6.3 to 10.9 
gm. per cent prior to surgery and she underwent a 
cholecystectomy without incident. 


Case 6. This ten-year old boy (G. M.) was 
hospitalized for convulsions 2t the age of six weeks 
when he was found to have anemia. At one year of 
age he was hospitalized for meningitis. Sickle cell 
anemia was diagnosed at this time. Over the next 
few years he was given numerous blood transfusions. 
His activity was markedly limited because of exer- 
tional dyspnea and fatigue. 


Case 7. This sixteen year old girl (B. K.) was 
found to have sickle cell anemia on a routine examina- 
tion after it had previously been discovered that her 
younger sister (Case 1) had sickle cell anemia. Mild 
exertional dyspnea, easy fatigability and intermittent 
leg pains had been present from early childhood. 
These symptoms had increased moderately with the 
onset of her menses at the age of fifteen. 


* From the United Hostesses Cardio-Respiratory Laboratory, Cedars of Lebanon Hospital and the Los Angele: 
Board of Education and Parent-Teacher Cardiac Clinics. This study was supported in part by the United Hostesses. 
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Fic. Case 6. 


second after the onset of the second heart sound (S2). 
B, the phonocardiogram over the pulmonic area shows a split second sound 


in this area. 


A, the phonocardiogram at the apex shows a third heart sound (S3) 0.13 


A systolic murmur (SM) is noted 


(S2) with the split measuring 0.045 second between the aortic (A2) and pulmonic (P2) com- 


ponents. 


CLINICAL FINDINGS 


General: These patients were underweight 
and thin-chested, with long thin extremities 
and slender fingers. The sclerae were icteric 
in three of the seven patients; cervical adenop- 
athy was present in one. Three patients had 
hepatomegaly and splenomegaly. Ulceration 
of the lower extremities was noted in one pa- 
tient. 

Cardiovascular Findings: 
nificant cardiomegaly. 


Six patients had sig- 
In three patients a 
prominent apical impulse was felt at the left 
anterior axillary line in the fifth or sixth inter- 


space. 
felt. There were no thrills. The first heart 
sound was slightly accentuated at the apex in 
four patients. The second sound over the 
pulmonic area was widely split with the split 
ranging from 0.03 to 0.05 second during the 
expiratory phase of normal respiration (Fig. 
1A). During normal inspiration the split 
increased by 0.01 second or less. Both com- 
ponents of the second heart sound were promi- 
nent. Five patients had a distinct “filling” 
third heart sound in early or mid-diastole which 
was best heard at the apex (Fig. 1B). An early 


A left parasternal lift was frequently . 


A more prominent systolic murmur (SM) is present in this area. 


systolic ejection click was present over the 
pulmonic area in one patient. All of the 
patients had blowing systolic murmurs of grade 
II to 111 intensity which were maximal over the 
second or third interspace on the left (Fig. 
1A). The murmurs were widely transmitted 
over the precordium. No diastolic murmurs 
were heard. The heart rate varied between 90 
and 100 beats per minute. Systemic blood 
pressures were normal in all instances. 

Laboratory Findings: ‘The hemoglobins ranged 
from 6.3 to 9.5 gm. per cent and the hemato- 
crit readings from 18 to 27 volumes per cent 
(Table1). Electrophoretic studies revealed sickle 
cell hemoglobin in excess of 90 per cent in every 
case. Blood volume studies employing radio- 
active iodinated human serum albumin (RISA) 
were performed in six of these patients. The 
total blood volume was markedly increased in 
five and at the upper limit of normal in one 
(Table 1). The plasma volume was greatly 
increased while the red cell mass and hematocrit 
were very low. 

Roentgenography and Fluoroscopy: There was dif- 
fuse cardiomegaly in all patients, the enlarge- 
ment being moderate in six (Fig. 2) and slight 
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Fic. 2. 
globular, diffusely enlarged heart. 


Case 2. The chest roentgenogram shows a 
The main pulmonary 
artery segment is prominent and there is a striking in- 
crease in the pulmonary vascularity. 


inone. In four patients the cardiac contour was 
globular. The pulmonary artery was slightly 
enlarged in six patients and moderately en- 
larged in one. The pulmonary vascular mark- 
ings were moderately increased in three pa- 
tients and slightly increased in three others. 
Fluoroscopically the pulmonary artery showed 
increased expansile pulsations. 
Electrocardiography and Vectorcardiography: 
Right ventricular hypertrophy was present in 
one patient. In three patients an rsR’ con- 
figuration was present in V; and the right 
precordial leads, but the QRS duration was 
less than 0.09 second. In one patient the T 
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waves were deeply inverted in V; to V¢; flat- 
tened T waves were present in leads 1 and aVL 
and low T waves in leads mu, m1 and aVF. 
In three patients tall, peaked T waves and 
slightly elevated S-T segments were present in 
leads V4 to V¢ together with high QRS voltages. 
In these patients the S wave in V; plus R wave 
in V; totalled 50 mv. or more. The mean 
QRS axis in the frontal plane ranged from +30° 
to +60° in six patients and in the patient with 
right ventricular hypertrophy was +90°. The 
P-R and Q-T intervals were normal. 

Vectorcardiograms were taken employing 
the cube and Frank systems. In one patient a 
figure of eight loop was inscribed in the horizon- 
tal plane which was indicative of right ventric- 
ular hypertrophy. Two patients showed in- 
complete right bundle branch block with the 
terminal vectors delayed and directed to the 
right, posteriorly and slightly superiorly. Non- 
specific T wave abnormalities were noted in 
one patient. 


HEMODYNAMIC STUDIES 


Method: The patients were mildly sedated and 
locally anesthetized. The catheter was advanced 
through the superior vena cava, right atrium, right 
ventricle and main pulmonary artery to the peripheral 
pulmonary artery. In two patients the coronary 
sinus also was entered. Pressures were recorded in 
these sites via a Statham pressure transducer type 
P-23A and Sanborn direct-writing Viso Cardiette. 
Blood samples were obtained from these sites and 
were analyzed for oxygen content by a modification 
of the Van Slyke and Neill technic.! Arterial 
pressures and blood samples were obtained via a 
Riley needle inserted into the brachial artery. The 
above studies were performed while the patient was 
breathing ambient air in the resting state. With the 
catheter in the main pulmonary artery and the 
Riley needle in the brachial artery the patients 


TABLE I 
Blood Findings, Blood Volumes and Cardiac Outputs in Seven Cases of Sickle Cell Anemia 


Cardiac Stroke 
Patient Hemo- Red Cell Blood Plasma Index Index Heart Rate 
No. | ,Siobin Mass Volume Volume (L./min./ | (ml./beat/ | (per min.) 
(gm. %) (ml. /kg. ) (ml. /kg.) (ml. /kg.) m?BSA) m?BSA) 
1 8.4 — — 77 94 
2 T24 18.3 90.5 Ta.a 8.2 91 90 
3 6.5 18.5 86.8 68.3 P ide 78 92 
4 7.0 18.6 67.7 49.1 4.6 48 96 
5 6.3 22.6 119.8 97.2 7 117 100 
6 7.4 28.8 109.5 80.7 8.5 85 100 
7 9.5 31.6 91.4 59.8 3.8 42 90 
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TABLE 1 
Intracardiac Pressures and Pulmonary Vascular Resistances in Seven Cases of Sickle Cell Anemia 


Total Pulmonary 


Pressures (mm. Hg) Vascular Resistances 


dynes sec. cm.~5 


MPA 
Rest 


MPA 


Rest Exercise 


28/12 
27/11 
27/12 
25/13 
22/10 
28/9 

29/8 


29/13 
29/11 
27/12 
30/14 
28/18 


30/8 


TABLE II 
Arterial and Venous Oxygen Saturations in Seven Cases of Sickle Cell Anemia 


Per Cent of Oxygen Saturation Breathing Ambient Air 


Per Cent of Oxygen 
Saturation Breathing 


MPA Brachial Artery 


100% O» 


Coronary 


Exercise Rest 


Sinus Brachial 


Exercise | Artery Rest 


61.8 
51.9 
59.9 


86.3 
81.2 
79.3 
90.2 
80.9 


88.4 


exercised for five minutes by pedalling a bicycle in 
the recumbent position and pressures and samples were 
taken. After a period of rest the patients inhaled 
100 per cent oxygen for periods varying from fifteen 
to twenty minutes. Simultaneous samples were 
drawn from the main pulmonary artery and from 
the brachial artery and were analyzed for oxygen 
content. Mean pressures at rest and with exercise 
were calculated by planimetry and total pulmonary 
vascular resistances were determined. Resting 
oxygen consumptions were determined by collecting 
samples of expired air in Douglas bags with subse- 
quent Haldane analysis. Cardiac outputs were 
determined by the direct Fick principle. In two 
patients the Valsalva maneuver was performed. 


Results: Normal pressures were recorded 
in the superior vena cava and right atrium 
(Table 1). Slight elevations of the right ven- 
tricular systolic pressures were noted in some 
instances (Table 11). The end diastolic pres- 
sures in the right ventricle were normal. 


Pulmonary artery systolic pressures at rest were 
below 30 mm. Hg in every case. Slight 
systolic gradients were noted in some instances 
between the right ventricular and pulmonary 
artery pressures. There were no significant 
increases in pulmonary artery pressures with 
exercise. The peripheral pulmonary arterial 
“wedge” pressures were normal in all of the 
patients in whom they were obtained. The 
total pulmonary vascular resistances were 
normal or low at rest and with exercise (Table 
II). 

The resting cardiac indices varied from 3.8 
to 11.7 L./min./m?BSA (Table 1). The lowest 
cardiac index (3.8) was found in the patient 
with the highest hemoglobin (9.5 gm. per cent). 
Five of the seven patients had marked elevation 
of their stroke indices; one was high normal 
and one was normal. The heart rates ranged 
from 90 to 100 beats per minute. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


878 
Case 
1 6 7/4 35/5 7/4 234 
ae 2 8 8/5 35/6 — 156 120 
eee 3 9 8/4 30/6 11/6 172 | 106 
4 12 5/2 27/3 12/6 226 (143 
5 13 5/3 23/3 84 
a 6 10 5/1 30/4 10/4 136 
as 7 16 7/2 32/2 P| 10/5 222 — 
is 
‘Ne | 
No. 
| 
By) ye 1 63.3 86 31 68.3 | 90.5 
2 59.5 76 — 69.3 «| 88.6 
Hace 3 58.8 79 _ 63.8 | 85.8 
4 67.3 88 39.5 69.2 | 91.2 
5 59.9 59.8 80 89.2 
6 59.2 78 — — 
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Arterial oxygen unsaturation was present in all 
patients while at rest and breathing room air, 
the saturations ranging from 76.5 to 89.0 per 
cent (Table m1). No significant changes in 
systemic arterial oxygen saturations were noted 
after exercise in five of six patients in the present 
series. Resting pulmonary artery oxygen sat- 
urations' ranged from 58.8 to 67.3 per cent 
(Table i). Significant falls in pulmonary artery 
oxygen saturations occurred in three patients 
during exercise, two of these patients having 
the lowest cardiac and stroke indices. In three 
patients there were no significant changes in 
the pulmonary artery oxygen saturations with 
exercise. Blood samples from the coronary 
sinus in two patients revealed oxygen satura- 
tions of 31 and 39.5 per cent, respectively. 

Arterial oxygen saturations increased in all 
patients on breathing 100 per cent oxygen 
(Table m1). In no instance, however, was a full 
arterial oxygen saturation reached. In general, 
mixed venous samples from the pulmonary 
artery showed comparable increases in oxygen 
saturation on breathing 100 per cent oxygen 
(Table 11). 

An abnormal response to the Valsalva ma- 
neuver was observed in the two patients in whom 
it was measured. No significant fall in the 
systolic pressure or pulse pressure occurred 
during phase one of the period of forced strain- 
ing and the overshoot was minimal and unac- 
companied by bradycardia in phase four. 


COMMENTS 


AUSCULTATION 


Systolic Murmur: Systolic murmurs were 
heard in all of these children with sickle cell 
anemia. As is well known, systolic murmurs 
frequently may be heard in normal children. 
By means of intracardiac phonocardiography 
during right heart catheterization, Feruglio? 
demonstrated a systolic murmur within the 
pulmonary artery in all patients including those 
with normal catheterization findings. Simul- 
taneous phonocardiograms from the overlying 
anterior chest wall, however, failed to reveal a 
systolic murmur in over 50 per cent of these 
patients. In the current study a grade 11 to 11 
systolic murmur was heard in every patient. 
Systolic murmurs have been noted frequently 
in severe anemias of various causes*~> and 
have been reported as being most prominent 
either at the apex® or of equal prominence at 
the apex and base of the heart.’ 

In all of these children with sickle cell anemia 
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the murmur was maximal over the upper 
left sternal border. Since the character and 
location of the murmur were similar to those 
observed in interatrial septal defect, this con- 
dition was often suspected. By means of in- 
tracardiac phonocardiography Feruglio*:* has 
shown that in interatrial septal defects the sys- 
tolic murmur is localized to the pulmonary 
artery. This has been explained on the basis 
of the increased blood flow into this vessel 
which occurs in this condition. In these chil- 
dren with sickle cell anemia the cardiac and 
stroke indices were high (Table 1) and it is 
suggested that this increased flow into the pul- 
monary artery was responsible for the murmur. 

Third Heart Sound: Prominent third “filling” 
heart sounds in early or mid-diastole were heard 
in five of the seven patients in this series, an 
incidence similar to that reported by Kline- 
felter.° In Hunter’s* series of nonsickle cell 
anemias a third heart sound was heard in eight 
of thirty-four patients but of these six were in 
congestive heart failure. All of these patients 
were over thirty years of age, a time when such 
sounds are apt to have more pathologic sig- 
nificance than in children in whom a third heart 
sound frequently is a normal finding. None of 
the patients with sickle cell anemia was in 
congestive failure and this could not have been 
responsible for the third heart sound. 

Second Heart Sound: The second sound over 
the pulmonic area was split in all seven patients, 
with both components prominent. Accentua- 
tion of P2 has been noted previously in sickle 
cell anemia*:® and in some instances has been 
attributed to pulmonary hypertension.” In 
the present study the pulmonary artery pres- 
sures were normal in all cases. Since the aortic 
component of the second sound usually was 
equally prominent, other factors, such as the 
thinness of the chest wall or the hyperkinetic 
state, may have been involved. 

In these patients with sickle cell anemia the 
split in the second sound ranged from 0.03 to 
0.05 second during the expiratory phase of 
normal respiration and increased 0.01 second 
or less during inspiration. No significant 
differences in the splitting of P2 were found 
among the three patients with incomplete right 
bundle branch block and those without it. 
It has been pointed out by Leatham and 
Towers" that in normal patients the second sound 
is single or split by 0.03 second or less in the 
expiratory phase with the split widening to 0.05 
twenty-seven patients the ST-T abnormalities 
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second on an average on inspiration. In 
patients with atrial septal defects, however, 
Leatham and Gray’ found wide splitting of P2 
in the expiratory phase of normal respiration 
with little or no increase in the inspiratory 
phase and suggested this as a diagnostic sign 
of this condition. In these patients with sickle 
cell anemia the split in the second sound tended 
to be greater than normal during expiration 
but the increase in the split of the second sound 
during inspiration was less than normal. The 
majority had significantly increased stroke 
indices (Table 1). Presumably, the filling of the 
right ventricle was greater than normal during 
expiration and the increment in filling with 
inspiration was less than normal. 

Ejection Click: A pulmonary systolic ejec- 
tion click was present in one patient (Case 5) 
who had moderate enlargement of the pul- 
monary artery. Pulmonary ejection clicks are 
common in pulmonary hypertension, mild 
pulmonic stenosis, idiopathic dilatation of the 
pulmonary artery,*:' and in some cases of atrial 
septal defect in the absence of pulmonary 
hypertension.’:!° The pulmonary ejection click 
has been explained on the basis of sudden dis- 
tention of a dilated pulmonary artery.” The 
presence of a markedly increased stroke index 
in Case 5 in association with the enlarged 
pulmonary artery could account for the ejection 
click despite the absence of pulmonary hyper- 
tension. 


ROENTGENOGRAPHY AND FLUOROSCOPY 


Heart: Radiologically, diffuse cardiac en- 
largement has been commonly observed in 
sickle cell anemia,®:!*—"’ the heart often tending 
to be globular in shape.'®'*® A typical mitral 
configuration of rheumatic heart disease was 
reported by Henderson'® in one-third of the 
patients who had cardiomegaly. Leight et al.” 
observed disproportionate left atrial enlarge- 
ment fluoroscopically in four of thirteen patients, 
but one was believed to have rheumatic heart 
disease. Other observers have not reported 
disproportionate enlargement of the left at- 
rium.*:' All of the patients in our series had 
diffuse cardiomegaly and most had globular- 
shaped hearts; none showed disporportionate 
chamber enlargement. Since there was no 
evidence of mitral valvular disease or intra- 
cardiac septal defect on cardiac catheteriza- 
tion, it is our opinion that these radiologic 
changes were on the basis of the sickle cell 
anemia. 


Pulmonary Vasculature: An enlarged pulmon- 
ary artery segment has been reported in sickle 
cell anemia®:!*-?! and was present in all seven 
patients. Fluoroscopically, the pulmonary ar- 
tery was enlarged and was observed to pulsate 
forcibly. Increased pulmonary vascular mark- 
ings were present in six of the seven patients. 
It is of interest in this respect that several in- 
vestigators**:*3 have reported a decrease in vital 
capacity in severe chronic anemia. Blumgart 
and Altschule”* suggested that the decrease in 
vital capacity was similar to that which ocurred 
with pulmonary congestion or edema. In the 
present series, however, no elevation of the 
wedge pressure was found in any instance and 
it is our opinion that the increased pulmonary 
vascular markings were on on the basis of in- 
creased pulmonary blood volume in the absence 
of congestive heart failure. 


ELECTROCARDIOGRAPHY AND 
VECTORCARDIOGRAPHY 


Various electrocardiographic abnormalities 
have been reported in sickle cell anemia. 
Prolongation of the P-R interval, nonspecific 
changes in the S-T segment and the T wave, 
left ventricular hypertrophy and strain and 
incomplete right bundle branch block have 
been described. ; 

P-R Interval: Prolongation of the P-R in- 
terval was reported by Klinefelter® in six of 
twelve cases and it was postulated that this 
was due to increased vagal tone. Lindo and 
Doctor* found a prolonged P-R interval in 
29 per cent of patients with sickle cell anemia 
while Winsor and Burch”! reported slight pro- 
longation in 12 per cent of cases. In the cur- 
rent series the P-R interval was normal in all 
patients according to the criteria of Ashman 
and Hull.” 

ST-T Changes: 


Nonspecific S-T 
have been reported in sickle cell anemia. 
Lindo and Doctor** noted low, inverted or 
notched T waves in 56 per cent of patients and 


changes 


depressed S-T segments in 26 per cent. Non- 
specific T wave changes were found in 20 per 
cent of the patients reported by Winsor and 
Burch”! while Henderson’® found evidence of 
myocardial ischemia in twelve of thirty patients, 
with three of these patients developing positive 
T waves following blood transfusion. In a 
study of one hundred patients with severe 
chronic anemias of various causes, Sanghvi 
et al.?® noted S-T segment depression in fifty-four 
cases and inverted T waves in sixty-two. In 
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persisted despite subsequent cure of the anemia. 
Sanghvi et al.”* attributed the persistence of 
the electrocardiographic abnormalities in these 
nonsicklemic patients to persistent and prob- 
ably irreversible cardiac changes as a result of 
prolonged hypoxemia. 

In our patients with sickle cell anemia S-T 
segment depression was not encountered in a 
single instance. Three patients, however, had 
slight elevation of the S-T segment in V4 to 
V, together with tall, peaked T waves. In one 
patient deeply inverted T waves were present 
in V, through V.. 

Left Ventricular Hypertrophy: This finding was 
reported by Leight et al.”° in four of thirteen 
cases of sickle cell anemia while Lindo and 
Doctor** noted two cases of left ventricular 
strain in thirty-four patients with abnormal 
electrocardiograms. High QRS voltages over 
the left precordial leads were found in three of 
the seven patients in our series. The signifi- 
cance of these high precordial QRS voltages is 
uncertain. Sokolow and Friedlander?’ have 
pointed out that high left precordial voltages 
in children do not necessarily indicate left 
ventricular hypertrophy since such high QRS 
voltages may occur normally. In addition to 
the high QRS voltage these three patients 
showed S-T segment elevation and tall, peaked 
T waves in leads V, through Vz. The S-T 
elevation in association with the high voltage 
QRS in these leads is suggestive of diastolic 
overloading of the left ventricle as described by 
Cabrera and Monroy.** Sodi-Pallares et al.,”® 
however, have pointed out the diagnostic limi- 
tations of this finding since it may be seen in the 
absence of diastolic overloading. 

Electrical Axis: The QRS axis ranged from 
+30° to +60° with the exception of the one 
patient with right ventricular hypertrophy in 
whom the axis was +90°. Winsor and Burch”! 
reported one case of right axis deviation in a 
series of twenty-five patients with sickle cell 
anemia, but clinically it was believed that the 
patient had experienced a recent pulmonary 
infarction. The electrical axis of the other 
patients in their series ranged from 0 to +72° 
with the average QRS axis +49.5°, and the 
average age thirteen years. In our series the 
average QRS axis was +48° and the average 
age ten years. In this age group a more posi- 
tive axis might be expected. 

Right Ventricular Changes: Incomplete right 
bundle branch block was found in three of the 
seven patients. To our knowledge only one 
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case of incomplete right bundle branch block has 
been reported previously.” Right ventricular 
hypertrophy was present in one patient, a 
finding to our knowledge not previously re- 
ported in children with sickle cell anemia. 
Right ventricular hypertrophy at necropsy has 
been described by Yater and Hansmann* in 
two patients with sickle cell anemia who died 
in right ventricular failure. The cor pulmonale 
apparently was due to widespread, disseminated 
thrombotic lesions in small pulmonary arteries 
with thickening of the walls and narrowing of 
the lumen in these vessels. Mild or moderate 
pulmonary arteritis and thrombosis was found at 
necropsy in six of nine patients studied by 
Winsor and Burch*® but these authors did not 
consider the pulmonary lesions which were 
encountered of sufficient severity to produce cor 
pulmonale. Klinefelter,® in a necropsy study 
of eleven cases of sickle cell anemia, found no 
striking changes in the pulmonary vasculature. 
Vectorcardiography: Vectorcardiograms were 
taken in all seven patients. Three of the 
patients had abnormal vectorcardiograms. In 
the patient with electrocardiographic evidence 
of right ventricular hypertrophy a figure of 
eight loop was inscribed in the horizontal 
plane. Terminal delays in the spread of the 
depolarization wave were encountered in two 
other patients with the terminal vector forces 
being directed to the right and posteriorly. 


HEMODYNAMIC STUDIES 


Pulmonary Artery Pressure: In the current 
series the pressures in the pulmonary artery 
were not elevated at rest or with exercise 
(Table m). Although slight systolic gradients 
between the right ventricle and pulmonary 
artery were noted in some instances, this was 
not attributed to valvular pulmonic stenosis 
but to the increased flow. Sproule et al.” 
found normal pulmonary artery pressures at 
rest in four of five patients with sickle cell 
anemia. Leight et al.?° found normal pul- 
monary artery pressures at rest in all but two 
of thirteen patients with sickle cell anemia, 
one exception occurring in a patient who was 
believed to have cor pulmonale and the other 
in a patient with concurrent rheumatic heart 
disease. On exercise, however, significant ele- 
vation of pulmonary artery pressure developed 
in four of ten patients in Leight’s series. 

Vascular Resistance: ‘The pulmonary vascular 
resistance was normal or low in all of the seven 
patients at rest and with exercise (Table 1). 
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Reduced pulmonary and peripheral vascular 
resistances in severe anemia have been reported 
by various authors*—* and the suggestion has 
been made that the associated hypervolemia is 
a contributing factor. Ferguson et al.,** how- 
ever, demonstrated that hypervolemia without 
anemia does not lower total peripheral resist- 
ance in dogs. Fowler et al.*® found that 
anemic dogs with and without hypervolemia 
showed comparable degrees of diminution in 
total peripheral resistance and this led them to 
suggest that other factors were responsible for 
the low resistance. Lowering of peripheral 
vascular resistance in severe anemia has been 
attributed in part to a reduction in blood vis- 
cosity. In these patients with sickle cell anemia 
the total blood volume was markedly elevated 
while the red cell mass was considerably de- 
creased (Table 1). The resultant reduction 
in viscosity of the blood may have been a factor 
in reducing the vascular resistance. Sproule 
et al: noted normal pulmonary vascular resist- 
ances in the patients in their series, in the 
presence of appreciably elevated cardiac in- 
dices. These authors suggested that the total 
peripheral vascular resistance might be lowered 
on the basis of extensive arteriovenous anasto- 
moses. 

Cardiac Output: The cardiac indices were 
elevated in six of the seven patients (Table I). 
Increases in cardiac output in nonsickle cell 
anemias have been reported by Brannon et al.* 
and by Sharpey-Schafer.* The latter author 
noted an increase in right atrial pressure in 
most cases of severe anemia. Leight et al.,” 
however, found normal right atrial pressures in 
patients with sickle cell anemia and Bishop et al. 
found lack of definite evidence of raised filling 
pressure on either side of the heart in patients 
with chronic severe anemias from various causes. 
No elevation of the wedge pressure or of the 
right ventricular end diastolic pressure was 
found in our series (Table 1). The heart 
rates tended to be normal or only slightly in- 
creased despite the severity of the anemia 
(Table 1). The greatly elevated cardiac in- 
dices were achieved therefore primarily by an 
increase in the stroke indices. Experimental 
evidence in support of this was provided by 
Rushmer*’ in a series of animal experiments in 
which he demonstrated that there may be a 
change in the diastolic distensibility of the myo- 
cardium without a corresponding change in 
effective filling pressure. 

Valsalva Maneuver: ‘The arterial response to 


the Valsalva maneuver was abnormal. During 
the straining period, when intrapulmonary 
pressure was increased, there was no significant 
drop in arterial systolic pressure or in pulse pres- 
sure as occurs normally.** During phase 4 the 
overshoot was minimal and was unaccompanied 
by bradycardia. This type of response is 
somewhat suggestive of that observed with 
congestive heart failure,** but the finding of a 
normal wedge pressure and of a normal end 
diastolic pressure in the right ventricle were 
against the presence of either left or right heart 
failure. It is suggested that this abnormal 
Valsalva response was due to increased pul- 
monary vascular blood volume in association 
with the large total blood volume which was 
found in these patients (Table 1). 

Oxygen Saturation: Arterial oxygen unsatura- 
tion was present in all patients in the present 
series (Table m1). Similar arterial oxygen un- 
saturation has been reported by others in sickle 
cell anemia”: .49-45 as well as in other chronic 
anemias.**-47 No significant changes in arterial 
saturation were noted with exercise in five of the 
six patients (Table m1) although Leight et 
al.” noted a fall in the arterial oxygen saturation 
during exercise in five of twelve patients. 
Mixed venous blood samples obtained from the 
pulmonary artery in the present study had 
oxygen saturations which ranged from 58.8 to 
67.3 percent. Since the arterial oxygen satura- 
tions were significantly decreased, the arterio- 
venous oxygen differences tended to be some- 
what less than usual (Table m1). Even with 
exercise three of the patients failed to show a 
significant decrease in venous oxygen saturation 
as occurs under normal circumstances. 

Oxygen Dissociation Curve: Several sugges- 
tions have been advanced to explain the 
arterial oxygen unsaturation in sickle cell 
anemia and other anemic states. Abnor- 
malities of the oxyhemaglobin dissociation 
yvenoarterial shunting in the 
lungs" and pulmonary diffusion defects" 
separately or in combination have been sug- 
gested. The presence in sickle cell anemia of 
an abnormal oxyhemoglobin dissociation curve 
which was shifted to the right was first suggested 
by Scriver and Waugh.*® These investigators 
were of the opinion that the shift of the disso- 
ciation curve was not a function of the sickle 
cell abnormality per se, but probably was on 
the basis of the anemic state, with a decrease 
in the pH of the red blood cell occurring due to 
insufficient oxygenation. Fraimow et al.“ and 
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Rodman et al.*® also found displacement of the 
oxyhemoglobin dissociation curve downward 
and to the right in patients with sickle cell 
anemia and likewise suggested that this might 
be related to a reduction in the pH of the red 
blood cell. Becklake et al.,“ in a study of four 
patients with sickle cell anemia, found the oxy- 
gen dissociation curve displaced to the right but 
attributed this, however, to the serum environ- 
ment of the cell. Other investigators have ob- 
served a rightward shift of the oxygen dissocia- 
tion curve in various nonsicklemic anemias. 
Kennedy and Valtis** found rightward displace- 
ment of the oxyhemoglobin dissociation curve 
in Addisonian and hypochromic anemia and 
suggested that lowered red cell pH was a pos- 
sible contributing factor. They concluded, 
however, that this was not the only factor since 
some displacement occurred even when results 
were corrected to a constant cell pH. 

Fowler et al.”*, in a study of ten patients with 
sickle cell anemia, found an abnormal alveolar- 
arterial oxygen tension gradient (A-a p0. 
gradient). Ryan and Hickam‘? reported a 
similar increase in A-a pO, gradient in patients 
with nonsicklemic anemia. Fowler et al.” 
suggested the presence of a hemoglobin defect 
in which there is a deficient uptake of oxygen by 
sickle cell hemoglobin at a given oxygen ten- 
sion, thereby causing a rightward displacement 
of the oxyhemoglobin dissociation curve. The 
occurrence of an increased A-a p02 gradient 
also suggests the possibility of a pulmonary 
diffusion defect. Moser and Shea postulated 
the occurrence of such a pulmonary diffusion 
defect on the basis of recurrent pulmonary 
thromboses and infarctions. They drew atten- 
tion to the accentuation of the pulmonary 
second sound and the enlargement of the 
pulmonary outflow tract as suggestive evidence 
for associated pulmonary hypertension. In the 
current series accentuation of P2 and enlarge- 
ment of the pulmonary artery were found in all 
cases but cardiac catheterization did _ not 
reveal pulmonary hypertension in any instance. 

Arteriovenous Shunting: In the present series a 
rightward shift of the oxyhemoglobin dissocia- 
tion curve could explain the observed arterial 
oxygen unsaturation on breathing ambient air 
but could not explain the oxygen saturations 
which were present in mixed venous blood. 
From a review of the oxygen dissociation curves 
presented by Fraimow et al.“* and Rodman et 
al.4® it would appear that venous oxygen 
saturations were lower than normal in their 
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cases. Brannon et al.,** studying various non- 
sicklemic anemic patients, found the oxygen 
saturation of mixed venous blood to be de- 
creased. In our series the mixed venous oxygen 
saturations were normal or only slightly de- 
creased. Various authors™ have suggested the 
occurrence of peripheral arteriovenous shunting 
of considerable magnitude in sickle cell anemia. 
Such shunts, if present, could account for the 
relatively high venous oxygen saturation which 
were found in our cases particularly after exer- 
cise (Table m1). The saturations of the coro- 
nary sinus samples were of particular interest 
in this regard, the two samples obtained 
having oxygen saturations of 31 and 39.5 
per cent, respectively. These saturations were 
somewhat higher than normal** and suggested 
the possibility of coronary arteriovenous shunt- 
ing. 

Venoarterial Shunting: Intrapulmonary veno- 
arterial shunting has been suggested as a cause 
of arterial oxygen unsaturation. Jensen et al.”, 
however, demonstrated that there was an in- 
crease in arterial oxygen saturation following 
transfusion of normal erythrocytes in patients 
with sickle cell anemia. They concluded, there- 
fore, that there was no significant venous ad- 
mixture or venoarterial shunting in the lungs. 
If one assumes the presence of an abnor- 
mal oxygen dissociation curve in sickle cell 
anemia, however, the transfusion of normal 
cells might well cause a shift of the curve toward 
normal and thus account for these higher satu- 
rations.“*® The arterial oxygen saturations 
on breathing 100 per cent oxygen which were 
obtained in the present study are noteworthy 
in this respect, for full arterial saturation was 
not reached in any instance (Table m1). If 
the arterial unsaturation were entirely explain- 
able on the basis of an abnormal oxygen disso- 
ciation curve, one would expect full arterial 
oxygen saturation on breathing 100 per cent 
oxygen. Since full arterial saturation was not 
found in any of the patients in the current 
series, it is suggested that in these children 
some degree of intrapulmonary venoarterial 
shunting was present. 


SUMMARY 


Cardiovascular findings are described in seven 
children with sickle cell anemia. Clinically the 
following features were noted: (1) exertional 
dyspnea and fatigue; (2) wide fixed splitting 
of the second heart sound; (3) third ‘“‘filling”’ 
heart sound in five of the seven cases; (4) 
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systolic murmur of grade 1 intensity or louder, 
most prominent over the upper left sternal 
border; (5) roentgenographic evidence of 
diffuse cardiomegaly and increased pulmonary 
vascularity; (6) abnormal electrocardiograms 
in four cases, 

Laboratory findings of note were: (1) 
hemoglobins from 6.3 to 9.5 gm. per cent and 
hematocrit readings from 18 to 27 volumes 
per cent; (2) increased total blood volumes and 
plasma volumes in five of six patients. 

Right heart catheterizations in these patients 
revealed the following: (1) normal vena caval, 
right atrial, pulmonary artery and wedged 
pulmonary artery pressures; (2) normal or 
low pulmonary vascular resistances at rest and 
with exercise; (3) cardiac indices averaging 
twice normal; (4) increased stroke indices; 
(5) arterial oxygen unsaturation at rest and 
after breathing 100 per cent oxygen in all 
cases; (6) relatively small arteriovenous oxy- 


gen differences at rest and with exercise; 
(7) relatively high coronary sinus oxygen satu- 
rations; (8) an abnormal Valsalva response. 
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Progesterone in Congestive Heart Failure and 
Hepatic Cirrhosis 


Effects on Water and Electrolyte Metabolism* 


PAULO DE PAULA E SILVA, M.D., REINALDO CHIAVERINI, M.D., MATHEUS PAPALEO NETTO, M.D. 
and ALEXANDRE L. M. LourRENCcO 


Sao Paulo, Brazil 


i & HAs been sufficiently proved, following the 
studies of Landau et al.,'~*° that proges- 
terone causes an increased urinary excretion 
of nitrogen, sodium and chloride besides in- 
constant loss of phosphorus and potassium. It 
was further established that this increased 
excretion is proportional to the dosage of pro- 
gesterone and reaches its maximum at a daily 
dose of 150 mg., while above this dosage no 
further increase is noted. ‘The natruresis is 
usually greater than the chloruresis. 

Furthermore, it was proved that in order 
to produce such an effect, it is necessary to have 
sufficient secretion of aldosterone by the adrenal 
cortex. 

Landau et al., '~* in patients with Addison’s 
disease, were able to produce saluretic excretion 
by progesterone alone if the patients were 
properly treated for hypoadrenalism by either 
aldosterone or DCA. In two cases, during 
acute hypoadrenalism the administration of 
150 mg. of progesterone was sufficient to in- 


hibit the sodium retention produced by the 


intravenous administration of 20 ug. of aldo- 
sterone, but not that produced by 40 to 50 
ug. of this substance. 

The present study was undertaken with the 
purpose of finding an agent that would be able 
to antagonize the action of aldosterone in 
patients with edema without having important 
side effects. 


MATERIAL AND METHOD 


Six male patients, whose ages ranged between 
twenty-seven and sixty-nine years, were used in the 
present investigation. One patient with hyper- 
tensive heart disease without congestive heart failure 


was used as a control. Four patients had congestive 
heart failure; three of them had inactive mitral 
rheumatic disease, associated in one with arterio- 
sclerotic heart disease; the fourth patient had arterio- 
sclerotic heart disease and diabetes mellitus. The 
sixth patient had cirrhosis of the liver with ascites, 
hypoproteinemia and edema. 

The etiologic diagnosis was based on clinical, elec- 
trocardiographic, laboratory and roentgenologic data. 

The water, sodium, chloride and potassium bal- 


‘ances were studied. The intake of water was free; 


those of sodium, chloride and potassium were, re- 
spectively, 11.6, 13.4 and 41.3 mEq. per day. The 
loss of water due to perspiration and stools and the 
electrolyte losses, besides that of urine, were not 
considered in the calculations. 

The study lasted a minimum of sixteen days and a 
maximum of: forty-three, and was divided into three 
periods: one before, one during and one after the 
daily intramuscular administration of 100 to 200 mg. 
of progesterone in oil. 

Sodium and potassium were assayed by the flame 
photometer; the chloride, by means of a modified 
Volhard-Darrey method. 


RESULTS 


The changes produced by progesterone in 
the water and electrolyte metabolism in. four 
patients with congestive heart failure and one 
control are presented in Tables 1 (total urinary 
losses) and u (daily averages). 

With one exception (Case 3), the daily aver- 
ages for water excretion were greater during 
the second period than during the first and third; 
in these two periods, the averages were practi- 
cally identical to each other (Table m). The 
urinary excretion of sodium, chloride and 
potassium was also greater in the second period. 
The increase in the potassium excretion during 


* From the Department of Medicine, Hospital das Clinicas, University of Sao Paulo School of Medicine, Sao Paulo, 
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TABLE I 


Total Changes in Urinary Electrolyte Excretion Following Progesterone Therapy 


887 


Case Age Period Sodium Chloride Potassium Urine a 
No. | (yr.) (mEq.) (mEq.) (mEq.) (ml.) (kg) 

2nd 217.3 280.7 252.0 1,250.0 —3.8 
3rd 45.0 161.1 236.6 5,600.0 
2 63 1st 54.2 107.8 95.5 2,480.0 
2nd 177.4 176.9 144.0 4,225.0 —1.7 
3rd 48.1 80.1 102.5 2,480.0 
3 67 1st 3.8 75.2 101.1 2,200.0 
2nd 20.9 131.2 207.2 4,620.0 +1.3 
3rd 
a 22 1st 5.9 143.0 138.5 3,785.0 
2nd 187.5 267 .7 198.7 4,060.0 —2.1 
3rd 
5 50 1st 47.3 134.1 142.2 2,525.0 No change 
2nd 83.2 106.1 84.5 2,400.0 
3rd 30.8 80.7 103.2 1,980.0 


the second period was smaller than in the 
previous period; but when related to the in- 
crease in sodium excretion, it was even smaller, 
as one can see from the Na/K ratio. 

Case 5, used as a control, showed less striking 
changes: increase in the excretion of sodium, 
no changes in that of chloride and a decrease in 
that of potassium. There was practically no 
change in the diuresis and the Na/K ratio in- 
creased to only three times normal. 

The increase of the metabolic changes in- 
duced by progesterone is presented in Table 
III. 

There was a substantial loss of body weight 
during the administration of progesterone in 
three patients: Case 1, 3.8 kg.; Case 2, 1.7 
kg.; Case 4, 2.1 kg. Only one patient (Case 
3) had a gain of 1.3 kg. The patient in Case 
5 did not show any change in body weight 
(Table 1). 

There was an outstanding decrease of edema 
in three patients; only in Case 3 was there no 
change. 

Case 1 presents features of particular in- 
terest. This patient had rheumatic valvular 
heart disease with completely refractory con- 
gestive heart failure; he was in the hospital 
for more than two months and, in spite of full 
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digitalization, administration of mercurial di- 
uretics and chlorothiazide, there was no de- 
crease of his weight and edema. 

As shown in Figure 1 and Table trv, the daily 
administration of 50 mg. of progesterone slightly 
changed his diuresis and electrolyte excretions. 
On the other hand, an increase in the dose of 
progesterone to 100 mg. for seven days was 
followed by complete freedom from edema 
after the seven days. After interruption of 
hormone therapy, however, the patient started 
gaining weight again and his sodium and water 
excretion decreased. 

The patient in Case 6 was also studied by the 
same method. He was a forty-two year old 
man who had atrophic cirrhosis of the liver, 
edema, ascites and hypoproteinemia. His data 
are presented in Tables v (total urinary losses), 
vi (daily averages) and vu. The increase of 
metabolic changes induced by progesterone in 
this case is much more marked than those 
produced in patients with congestive heart 
failure. 

This patient should be discussed further for 
two reasons: (1) the different behavior of the 
water and electrolyte metabolism (Table vu 
and vi) with the different sodium intake (more 
than 80 mEq./day in one period and 10.4 
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TABLE II 


Daily Averages for Water and Electrolyte Excretion 
Following Progesterone Therapy 


TABLE III 


Relative Increase in Electrolyte and Water Excretion 
Following Progesterone Therapy 


Case No. 


Period 


1st 
Period Period | 


Sodium (mEq.) 


Chloride (mEq. ) 


8. 


2 
25.1 
28.5 


20.8 


5 (Control) 22.3 


Potassium (mEq. ) 


12.0 
19.1 
33.7 
27.8 


Average 23.1 


5 (Control) 23.7 


Na/K Ratio 


5 (Control) 


Urine (ml.) 


300 
495 
733 
757 


Average 571 


5 (Control) 420 


Patients with 
Congestive 
Heart 
Failure 
(X normal 
excretion ) 


Control Case 
(X normal 


excretion) 


mEq./day in the other period); and (2) the 
behavior of metabolic changes during adminis- 
tration of progesterone plus hydrochlorothiazide, 
and during administration of hydrochloro- 
thiazide alone in the different periods of sodium 
intake (Tables vu and 1x.) The increase of 
metabolic changes induced by progesterone 
in both periods of different sodium intake in 
this case was definitely different (Table x.) As 


‘for the weight, there was a gain of 2.4 kg. 


and a loss of 4.3 kg., respectively, in both 
periods. 

As to the data in Table rx, there are two 
periods that can be properly compared, for the 
sodium intake was low in both. When related 
to changes. induced by hydrochlorothiazide 
alone, the increase of metabolic changes caused 
by associating progesterone with hydrochloro- 
thiazide are as follows: 


Increase X 


There was not much difference between the 
period of hydrochlorothiazide administration 
alone with high and low sodium intake (Table 
1x.) The data obtained in both periods are 
similar, except for the chloride excretion 
which was much higher in the period with high 
sodium intake than in the period with low in- 
take. 


CoMMENTS 


Clinical conditions accompanied by severe 
edema in which a high urinary excretion of 
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ig 
3rd 
sat 3 1 3 > 0 eee 
4 12 37.5 0.9 1.6 0.0 
Average........ 3.6 23.6 5.6 
5(Control).......| 7.8 16.1 7.7 
in 1 4 40.1 23.0 
2 22.1 20.0 
Bs 4 53.5 | 15.2 

2 18.0 20.5 
3 29.6 
ae 4 39.7 | 30.7 

16.9 | 25.8 
Normal 
2 0.5 1.5 0.4 
4 0.04 0.8 0.03 
0.15 0.8 0.21 

0.03 1.0 0.3 
1 1464 800 
2 528 496 
3 660 
4 893 300 

. 
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TABLE IV 
Water and Electrolyte Balance in Case 1 (Congestive Failure) 


Days Water Sodium Potassium Chloride Na/K Weight io cgay 
(ml.) (mEq. ) (mEq.) (mEq.) Ratio (kg.) (mg.) 
1 +110.0 —0.68 —11.0 —5.0 0.06 76.4 
2 +340.0 +0.01 +13.1 —1.1 0.05 76.4 Hes 
3 —85.0 —0.2 +11.4 —31.0 0.06 76.6 50 
4 — 490.0 —0.8 +11.9 —17.5 0.08 76.4 50 
5 0.0 “ae 75.6 50 
6 — 430.0 —2.7 +7.4 —16.1 0.14 75.4 50 
7 —160.0 —3.5 +8.1 —9.9 0.1 75.150 100 
8 — 1080.0 —34.7 +1.4 —32.2 3.3 75.3 100 
9 —1850.0 —54.0 +1.4 — 64.2 PA 74.6 100 
10 — 1280.0 —47.1 —12.6 —46.0 1.0 73.9 100 
11 — 700.0 —33.4 —10.3 —32.6 0.8 72.5 100 
12 +380.0 —10.2 +6.5 —13.0 0.4 72.2 100 
13 —1200.0 —27.4 —17.8 — 44.6 0.5 72.8 100 
14 — 380.0 —3.0 —0.5 —18.9 0.3 72.5 
15 —20.0 +3.3 +12.9 —15.5 0.2 72.5 
16 —200.0 —2.8 ee —13.2 0.4 72.0 
17 +335.0 +9.2 +20.6 +3.2 0.1 72.4 
18 —100.0 +8.8 —1.9 —9.0 0.06 73.4 
19 — 200.0 +8.35 +3.5 —13.5 0.05 73.3 
20 — 480.0 +9.95 +9.4 —12.8 0.05 74.1 Rate 
21 +100.0 +8.1 +22.4 —3.9 0.2 74.4 200 
22 75.6 


+ = Positive balance. — = Negative balance. 
aldosterone was found, such as cirrhosis of the 
liver, nephrosis and congestive heart failure, 
were called ‘“‘secondary hyperaldosteronism” 
by Conn. However, one can always find an 
inverse relationship between aldosterone excre- 
tion and natruresis in cases of congestive 
heart failure.6 There seems to be no doubt 
that the chief factor in the regulation of the 
aldosterone secretion in normal subjects is the 
fluid volume.’—" Therefore, there is an ap- 
parent contradiction in the explanation of the 
hyperaldosteronism in cases of congestive heart 
failure. 

There is, however, an outstanding difference 
in the behavior of aldosterone and sodium ex- 
cretion in cases of primary and secondary 
hyperaldosteronism. Therefore, it is possible 


TABLE V 
Total Urinary Losses in Case 6 (Cirrhosis of Liver) 


Period Sodium Chloride going Urine Weight 
(mEq.) | (mEq.) (ml.) (kg.) 
(mEq.) 
1st 10.9 126.6 89.7 2,450.0 
2nd 806.6 1,073.1 519.3 15,370.0 +4.3 
3rd 13.7 334.7 297.0 6,210.0 


that the edema of congestive heart failure ap- 
pears earlier than the hyperaldosteronism.’:® 
In other words, the hypersecretion of aldos- 
terone in such cases is most probably caused 
by changes of plasma osmolarity which are 
brought about by an increase in water retention; 
this in turn is greater than the sodium reabsorp- 
tion induced by the decreased glomerular fil- 
tration rate, thus establishing an extracellular 
hypotonic syndrome.'®! Subsequently, there 
is a stimulation of the diencephalic centers and 


TABLE VI 
Daily Average of Urinary Losses in Case 6 


1st 3rd 
Period 2nd Period Period 

Sodium 

(mEq.) 1.4 50.4 (36 times) 16.2 
Chloride 

(mEq.). 18.1 67.0 (3.7 times) 47.8 
Potassium 

(mEq. ). 11.2 32.4 (2.8 times) 42.4 
Na/K 

ratio... 0.13 1.5 (11.5 times) 0.4 
Urine 

(ml.). . 308 .2 960. 6 (3.1 times) 887.1 


NOVEMBER 1960 


Sy 
| | | 
| 
AL 
pur. 
J 
| 
| | | | | 
Lie 
are 
| 
| 
| | 
Gate 
thd 
| | | 
‘a 


de Paula e Silva et al. 


TABLE VII 
Daily Water and Electrolyte Balance in Case 6 


Treatment 


Chloride 
(mEq.) 


Potassium 


Hydro- 
(mEq.) 


chloro- 
thiazide 
(mg). 


Progeste- 
rone 
(mg.) 


wm 


+95. 
+97. 
+100. 
$91. 
+97. 
+65. 
+74. 
+71. 
+87. 
+101. 
+69. 
+85. 
+78. 
+62. 
+66. 
+97. 
+58. 
+50. 
+44. 
+50. 
+45. 
+43. 
+25. 
+33. 
+13. 
—32. 
+4. 
+6. 
+21. 
+23. 
+30. 
+27. 
+28. 
+54. 
+80. 
+90. 
+10. 
+22. 
+30. 
+26. 
+22. 
—4. 
+31. 


+1,170. 
+810. 
+270. 
+540. 
+740. 
+660. 
+900. 
+650. 
+270. 
+950. 
—100. 
+650. 
+350. 
+300. 
+150. 
+150. 
—250 
—470. 
—445. 
—100. 
—585. 
—300 
—590. 
—600. 
—2,620 
—3,950. 
—350 
~1,025. 
—440 
~275 
+150 
+950. 
+275. 
+290. 
—1,150. 
—490 
+300. 
+100. 
+105. 
—960. 
—50. 
—40. 


—126. 
— 40 
—16. 

+0. 

+2. 
+73 
+75. 
+67. 
—141. 
+13. 
+28. 

+0. 


| 


| | 
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~170. 
~30. 
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+ = Positive balance. — = Negative balance. 


homeostasis of the body, causing a vicious cycle 
in the production of edema. 


a liberation of glomerulotropin, with its conse- 
quent stimulation of the zona glomerulosa of 


the adrenal cortex for the secretion of aldos- 
terone.’:!—'* Thus, one should not consider 
the secretion of aldosterone as the primary 
factor but rather as an attempt to preserve the 


By means of synthetic steroids (SC 5233 and 
SC 8109)*-15 it has been possible to induce a 
significant natruresis, which is most probably 
brought about by a competitive action in the 
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eae Days Water Sodium 

(ml.) (mEq.) 

| 

+109 8 73 

+103 6 74 

+102 75 100 
10 +83 75 100 

11 +89 76 100 

12 +105 76 100 

13 +43 76 200 

14 +36 77 200 

‘ee 15 +33 77 200 ks 

16 431 77 200 

18 ~48 77 200 

19 —88 77 200 

20 — 80 76 200 

21 —74 76 200 

7 22 —28 74 200 

~100 74 200 

24 —92 73 200 

25 —269 73 200 200 

Hepes 26 —507 70 200 200 

Ee 27 — 326 66 200 200 
28 62 200 

37 62 200 

42 1 61 200 
43 5 60 

4.-1-, 
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TABLE vir 
Difference in Water and Electrolyte Excretion with Different Sodium Intake (Case 6) 


Before Progesterone Therapy During Progesterone Therapy 
High Na High Na Low Na 
Intake Average Intake Average Intake Average 
Diuresis (ml.)..... 2,450 308 5,350 658 10,020 1,252 
Sodium (mEq.).. . 10.9 1.4 212.1 26.5 594.5 74.3 
Chloride (mEq.)... 126.6 18.1 426.4 53.3 646.7 80.0 
Potassium (mEq.). 89.7 11.2 214.6 26.8 304.7 38.1 
Na/K ratio....... 0.13 0.9 Hee 2.1 
Weight (kg.)...... +2.9 +2.4 —4.3 
TABLE Ix 
Effect of Hydrochlorothiazide with Different Sodium Intake (Case 6) 
Progesterone (200 mg.) 
(200 mg.) ( mg.) 
25th, 26th and 37th Day, 42nd Day, 
27th Days, Low | Average High Na Average Low Na Average 
Na Intake Intake Intake 

Diuresis (ml.)....... ¥ 11,000 3,667 2,000 2,000 1,800 1,800 
Sodium (mEq.)....... 1,233 411 220 220 180 180 
Chloride (mEq.)....... 1,111 370 486 486 91 91 
Potassium (mEq.)..... 263 88 90 90 90 90 
Weight (kg.).......... —10.3 —3.4 —1.5 —1.5 —0.9 —0.9 


renal tubule with aldosterone, as shown by 
Liddle’® in seven patients with congestive heart 
failure. 

Landau et al.'—5 admit that the metabolic 
change produced by progesterone is due to its 
blocking effect of the peripheral action of 
aldosterone. It is possible that it acts on the 
enzymatic system of the kidney, which is re- 
sponsible for the sodium reabsorption under the 
hormonal influence of aldosterone. If one 
takes as an index of aldosterone-like adrenocor- 
tical activity the Na/K ratio, as do several 
investigators,'4:16—!® our results corroborate the 
point of view of Landau et al. 

As to diuresis, it seems that the patient in 
Case 1 behaved differently from the other three 
(Tables1andu.) In the last three, the increase 
of water diuresis caused by progesterone was 
proportionally smaller than that of sodium 
diuresis. The opposite occurred in Case 1 in 
which the increase of water excretion was 
proportional to natruresis. In this patient, 
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contrary to the other three, the diet contained 
only 1 mEq. of sodium long before the adminis- 
tration of progesterone. The same happened 
to the patient with atrophic cirrhosis of the liver 
(Case 6). The diuresis increased 2.2 and 4.1 
times, respectively, with high and low sodium 


TABLE X 


Increase in Water and Electrolyte Excretion Produced 
by Progesterone Therapy with Different Sodium Intake 


Sodium Intake 
More than 
80 mEq./Day 

(X normal 

excretion) excretion ) 
Pele 2:3 3.3 
ratio: ......... 6.9 16.1 
WS 2.1 4.1 
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intake, while the natruresis increased 18.9 and 
53 times, respectively. 

It is interesting to compare the averages 
for natruresis obtained by Summerskill and 
Crabbe”® in two patients with cirrhosis of the 
liver with amphenone B and the data we ob- 
tained using progesterone. ‘Those authors ob- 
tained for both patients an average of 31.43 
mEq. of sodium excretion per day while we ob- 
tained the average of 50.4 mEq. per day. 

Finally, the striking natruresis obtained by 
the administration of progesterone plus hydro- 
chlorothiazide, when compared to the natru- 
resis obtained by progesterone and hydrochloro- 
thiazide alone, should be pointed out. 


SUMMARY 


1. In adequate dosage progesterone caused 
striking changes of the water and electrolyte 
balance in four patients with congestive heart 
failure and one with cirrhosis of the liver. 

2. Progesterone caused an increased excre- 
tion of sodium which was much greater than 
that of water, chloride and potassium. 

3. The excretion of sodium induced by pro- 
gesterone was not necessarily proportional to 
that of water. 

4. These results confirm the current belief 
that progesterone acts by antagonizing the 
action of aldosterone on water and salt reab- 
sorption in the renal tubules. 

5. Considering that progesterone caused a 
greater loss of urinary sodium and a smaller 
loss of urinary water, one feels justified in think- 
ing that other hormonal influences are involved 
in the pathogenesis of the edema in these 
cases. 


ACKNOWLEDGMENT 


We wish to express our appreciation for the valuable 
help of Miss Iracema Meira Villasboas in the perform- 
ance of most of the urinary electrolyte determinations. 


REFERENCES 


1. Lanpau, R. L., BERGENsTAL, D. M., Lucremt, K. 
and Kascut, M. E. The metabolic effects of 
progesterone in man. J. Clin. Invest., 33: 950, 
1954. 

2. Lanpau, R. L., BERGENSTAL, D. M., Lucrsint, K. 
and Kascut, M. E. The metabolic effects of 
progesterone in man. J. Clin. Endocrinol., 15: 1190, 
1955. 

3. LANnDAu, R. L., K., BERGENSTAL, D. M. 


10. 


11. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


. Lanpau, R. L. and Lucisrm_t, K. 


de Paula e Silva et al. 


and Dimicx, D. F. The metabolic effects of 
progesterone in man: dose-response relationship. 
J. Lab. & Clin. Med., 50: 613, 1957. 


. Lanpbau, R. L., BERGENSTAL, D. M., Lucrsint, K., 


Diick, D. F. and Rasuip, E. The relationship 
of estrogen and of pituitary hormones to the 
metabolic effects of progesterone. J. Clin. Endo- 
crinol., 17: 177, 1957. 

Inhibition of the 
sodium retaining influence of aldosterone by 
progesterone. J. Clin. Endocrinol., 18: 1237, 1958. 


. Wotr, H. P., Koczorecx, Ku. R. and Bucusoru, 


Lancet, 


E. Hyperaldosteronism in heart disease. 
2: 63, 1957. 


. ALBEAUX-FERNET, M., BELLot, L., BuGarp, P., 


Cuasot, J., DERIBREUX, J., G&LINET, M. and 
Romanl, J. D. La régulation physiologoque de la 
sécrétion d’adostérone et le probléme des oedémes. 
Ann. endocrinol., 10: 10, 1958. 


. ALBEAUX-FERNET, M., BELLoT, L., Bréaut, P., 


Bucarp, P., Cuasort, J., DERIBREUX, J., GELINET, 
M. and Roman, J. D. Acquisitions récentes sur 
Paldostérone. Ann. endocrinol., 11: 55, 1959. 


. BarRTTER, F. C., LippLe, G. W., Ducan, L. E., 


BarsBer, J. K. and De.ea, C. The regulation of 
aldosterone secretion in man: the role of fluid 
volume. J. Clin. Invest., 35: 1306, 1956. 

Romani, J. D. L’aldosterone: régulation de la 
sécrétion chez le sujet normal et oedemateux. 
Presse méd., 66: 992, 1958. 

Vestn, P. L’aldosterone. 
tion chez le sujets normal et oedemateux. 
méd., 66: 507, 1958. 


Régulation de la sécré- 
Presse 


. FARRELL, G. Regulation of aldosterone secretion. 


Physiol. Rev., 38: 709, 1958. 

RAuUSCHKOLB, E. W., FARRELL, G. L. and Ko.etsky, 
S. Aldosterone secretion after hypophysectomy. 
Am. J. Physiol., 184: 55, 1956. 

KacawaA, C. M., J. A. and vAN Akan, C. C. 
Action of new steroids in blocking effects of aldo- 
sterone and desoxycorticosterone on salt. Science, 
126: 1015, 1957. 

Lippe, G. W. Sodium diuresis induced by steroidal 
antagonist of aldosterone. Science, 126: 1016, 
1957. 

HERNANDO, L., CraABBE, J., Ross, E. J., Reppy, 
W. J., RENOLD, A. E., NeEtson, D. H. and Tuorn, 
G. W. Clinical experience with a physico-chemi- 
cal method for estimation of aldosterone in urine. 
Metabolism, 6: 518, 1957. 

Liaurapo, J. G. Aldosterone excretion following 
hypophysectomy in man: relation to Na/K ratio. 
Metabolism, 6: 556, 1957. 

LiEBERMAN, A. H. and Luetscuer, J. A. Clinical 
implications of excessive aldosterone output. 
Arch. Int. Med., 100: 774, 1957. 

LuETSCHER, J. A. and LizBERMAN, A. H. Aldos- 
terone. Arch. Int. Med., 102: 314, 1958. 

SuMMERSKILL, W. H. J. and Crassé, J. Effects of 
amphenone therapy on urinary excretion of al- 
dosterone and sodium in hepatic cirrhosis with 
ascites. Lancet, 273: 1091, 1957. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


4-0) 

|| 

5 
3 
| 

8 
| 
cay } 

. 
bse 
ag 
= 
f 
|__| 

= 
is 
‘ 


The Electrocardiogram in Thyrotoxicosis’ 


IRwin HOFFMAN, M.D. and Rosert D. Lowrey, M_.D., 


Los Angeles, California 


a extensive literature is devoted 
to the electrocardiographic effects of 
thyrotoxicosis, there is relatively little mean- 
ingful information available to assist the clinician 
in the diagnosis and care of the thyrocardiac 
patient. A wide variety of nonspecific effects 
have been reported but there is general dis- 
agreement as to their incidence and relation 
to the thyrotoxic state. These include sinus 
tachycardia, atrial fibrillation, prolonged atrio- 
ventricular conduction, increased duration and 
amplitude of the P waves, left ventricular 
hypertrophy and _  nondiagnostic T wave 
changes.'~’ White’ states that thyrotoxicosis 
is rarely accompanied by abnormalities in the 
electrocardiogram other than sinus tachycardia 
or atrial fibrillation. He briefly alludes to 
inverted T waves in rare cases of hyperthyroid- 
ism and suggests that a sympathetic nervous 
effect may be the provocative factor. In his 
textbook Friedberg> concurs with White’s 
general position and states: “Occasionally I 
have observed abnormalities of the QRS com- 
plexes, the R-ST segments, or the T waves, 
which, however, could reasonably be attrib- 
uted to associated myocardial damage caused 
by coronary disease or the effects of digitalis.” 
Gordon,®* on the other hand, describes reversible 
T wave abnormalities in 19 per cent of 121 
hyperthyroid patients. Lepeschkin’ referred 
to a case reported by Duchosal and Henry.® 
This was a fifty year old thyrotoxic female 
patient in whom angina occurred. Her elec- 
trocardiograms showed S-T segment elevation 
and T wave inversion. The authors commented 
on the sudden changes in the electrocardiogram 
and were perplexed by the lack of correlation 
between the ST-T changes and bouts of chest 
pain. At autopsy there was focal myocardial 
fibrosis but the coronary arteries were normal. 
Prolongation of the P-R interval has been 
noted by a number of observers®:!® and denied 
by others." It is apparent that although the 


electrocardiographic manifestations of hyper- 
thyroidism have received considerable attention, 
a controversy still exists as to their specificity 
and frequency. 


SELECTION OF CASES 


During a recent two year period twenty-seven pa- 
tients seen in the Thyroid Clinic at the Los Angeles 
County General Hospital had electrocardiograms re- 
ported as suggestive of myocarditis or pericarditis. A 
preliminary review of this group of cases showed 
many of them to have strikingly similar abnormalities. 
These abnormalities consisted of a prolonged P-R 
interval, elevation of the S-T segment with terminal 
T wave inversion and relative shortening of the Q-T 
interval. Initially it was decided to review these 
twenty-seven cases of thyrotoxicosis with abnormal 
electrocardiograms in an attempt to define and eluci- 
date these changes. The series was expanded to a 
total of 123 patients when it appeared that a distinc- 
tive electrocardiographic pattern had emerged. The 
latter group was chosen at random from a large 
series of patients with hyperthyroidism followed care- 
fully in the Thyroid Clinic at the Los Angeles County 
General Hospital. 

All patients were studied on the wards of the Hos- 
pital by the house staff and the thyroid service. In 
every case the diagnosis of hyperthyroidism was con- 
firmed by clinical evidence as well as by an elevated 
protein-bound iodine in the serum and an elevated 
uptake of radioactive iodine. 

Those patients manifesting signs, symptoms or 
laboratory features of complicating disorders such as 
hypertension, coronary artery disease or syphilis were 
not included in the series. A particular effort was 
made to eliminate diseases such as rheumatic fever 
and disseminated lupus erythematosus. Since the 
tracings on many of the patients in this study were 
reported as compatible with myocarditis or peri- 
carditis, laboratory studies were obtained to rule out 
coexisting disorders. If the patient manifested any 
signs or symptoms of the rheumatic state such as poly- 
arthritis, chorea, significant murmurs, etc., he was 
eliminated from this study. Any patient receiving 
digitalis or other drugs known to affect repolariza- 
tion was also excluded. 


* From the Thyroid Clinic, Los Angeles County General Hospital, and the Department of Internal Medicine, Uni- 
versity of Southern California School of Medicine, Los Angeles, California. 
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TABLE I 


Age and Sex Distribution in 123 Patients with Thyrotoxi- 
cosis 


Age Group 


Mal 
(yr.) 


10-20 
20-30 
30-40 
40-50 
50-60 
Over 60 


Totals 


S-T and T Changes: The most striking 
change was the presence of generalized ST-T 
abnormalities noted in 22.7 per cent of all 
cases. These ST-T abnormalities were of 
similar nature and distribution. They con- 
sisted of elevation and coving of the S-T segment 
associated with terminal TIT’ wave inversion. 
The S-T segment usually arose at or 1 to 2 
mm. above the isoelectric line, ascended in a 
gentle curve with its convexity directed su- 
periorly and then became coved to form the 
inverted T wave. Depression of the S-T seg- 
ment was not observed. T wave inversion 
was more frequently of the asymmetrical type. 


TABLE I! 
Summary of Electrocardiographic Changes 


Age 
Group 
(yr.) 


Atrial 
Fibrillation 


Patients 
(no. ) 


ST-T P-R 
Changes 


Sinus 


Prolongation Tachycardia 


10-20 
20-30 
30-40 
40-50 
50-60 
Over 60 


Totals 15 


Serial electrocardiograms were obtained in the majority 
of cases employing the three standard limb leads, 
the three augmented unipolar limb leads and chest 
leads V; through 

The tracings on each patient were carefully ana- 
lyzed for the following features: (1) rate—atrial and 
ventricular; (2) rhythm; (3) P-R interval; (4) 
Q-Tc interval (corrected for the heart rate using 
Bazett’s formula)”*; (5) S-T segment variations; 
(6) T wave changes. 

Since our initial survey indicated a significant inci- 
dence of ST-T abnormalities, in addition to Q-Tc 
and P-R interval changes, our study was mainly con- 
fined to these. The percentage of hyperthyroid pa- 
tients with P wave abnormalities, QRS changes and 
left ventricular hypertrophy has been dealt with ex- 
tensively, albeit controversially, in the literature." 


RESULTS 


The results of the analysis are shown in 
Tables 1 and 1. 


* Bazett’s formula: Q-T corrected = 
Q-T interval in seconds 


The corrected Q-T will be 


/ Cardiac cycle in seconds 
referred to as the Q-Tc, 


The predominance of these ST-T changes in 
females between the ages of twenty to thirty 
years is most interesting and deserves further 
investigation. 

The ST-T abnormalities, when present, were 
generally distributed over the entire precordium 
in addition to the bipolar and unipolar limb 
leads, depending on heart position. In the 
vertical, semivertical and intermediate heart 
positions, leads u, m1 and aVF most frequently 
reflected these changes. Leads 1, n and aVL 
were more often involved in the horizontal and 
semi-horizontal positions. Frequently, the 
ST-T abnormalities were noted in all bipolar 
and unipolar leads irrespective of heart position. 
A notable feature of the tracings with ST-T 
changes was the evanescent nature of these 
abnormalities (Figs. 2 and 3). On occasion, 
they would be present one day and absent the 
next with no obvious change in the patient’s 
clinical picture. 

Q-T Interval: A shortened Q-Tc interval 
was found in eighteen or 17 per cent of the 
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Fic. 1. Case 1. 
total series, omitting those patients who had 
received digitalis. Significantly, thirteen of the 
twenty-eight patients with ST-T changes pre- 
sented a shortened Q-Tc interval. Of the 
remaining fifteen patients with ST-T changes, 
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Electrocardiograms (A) during and (B) after treatment of hyperthyroidism. 


twelve had normal Q-Tc intervals and three 
manifested slight prolongation of the Q-Tc. 
A significant number of thyrocardiac patients, 
twenty or 16.2 per cent, with no electrocardio- 
graphic abnormalities other than sinus tachy- 
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cardia revealed shortening of the Q-Tc interval. Prolongation, notching and slurring of the P 

P-R Interval: The P-R interval was prolonged = wave was frequently observed in those patients 
in 8.9 per cent of the entire series and in 21 with abnormally long P-R intervals. In one 
per cent of those with ST-T abnormalities. instance (Fig. 2) the P-R interval measured 
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0.36 second. In contradistinction to the fleet- 
ing nature of the ST-T changes, prolongation 
of the P-R interval tended to persist and was 
often apparent after the patient had become 
euthyroid. 


ILLUSTRATIVE CASES 


Case 1. This was a twenty-four year old Negro 
woman with a history of tiredness, ten pound weight 
loss despite a good appetite, prominent eyes and 
palpitations. These symptoms and a diffusely en- 
larged thyroid gland suggested hyperthyroidism. The 
PBI was 15.7 ug. The uptake of radioactive iodine 
was 52 per cent in four hours and 70 per cent in 
twenty-four hours. Chest roentgenogram was nor- 
mal. On March 5, 1957, she received 5 mc. of radio- 
active iodine which was sufficient to alleviate hyper- 
thyroidism. The PBI subsequent to treatment has 
been 6.2 or 6.3 wg. on several occasions. 

Electrocardiographic Findings (Fig. 7): Prior to treat- 
ment (Fig. 1A) a sinus tachycardia of 104 per minute 
is present. The P waves are grossly notched and 
widened to 0.14 second and the P wave axis is 
deviated slightly to the left. The P-R interval is pro- 
longed and measures 0.32 second. Slight elevation 
of the S-T segment with coving and asymmetrical T 
wave inversion is noted in leads 1, n, aVF, and V2 
through Vs. The normal Q-Tc interval for this heart 
rate is 0.25 second whereas the calculated Q-Tc is 
0.23 second which is 8 per cent below the normal 
value. 

Serial tracings taken during the two month period 
following radioactive iodine treatment revealed no 
essential changes. The tracing taken fifteen months 
later (Fig. 1B) when the patient had recovered shows 
the heart rate to be 55 per minute and regular. No 
ST-T abnormalities are noted. Ts is inverted but 
this is a normal variant since T in aVF is of smaller 
amplitude than in aVL. P waves are of normal width 
and the P-R interval is within normal limits for this 
rate. The Q-Tc interval has also returned to 
normal, 


Case 2. This was a twenty-six year old Negro wo- 
man who had classical symptoms and signs of hyper- 
thyroidism. She had a diffusely enlarged 80 gm. 
goiter, hepatomegaly and anemia. Aside from a pro- 
longed prothrombin time, liver function studies were 
normal. The PBI was 12.6 ug. The uptake of radio- 
active iodine was 85 per cent in twenty-four hours. 
The patient was given propylthiouracil and became 
euthyroid before treatment with 7 mc. of radioactive 
iodine on June 27, 1958. However, there was a re- 
currence of hyperthyroidism which required addi- 
tional treatment with 7 mc. of radioactive iodine on 
October 3, 1958. The PBI was 18.5 ug. and the I! 
uptake was 86 per cent in twenty-four hours prior 
to the second administration of radioactive iodine. 
She is now euthyroid. Her PBI was 6.3 ug. on 
January 7, 1959. 
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Electrocardiographic Findings (Fig. 2): On February 
19, 1958, the atrial and ventricular rate is 95 per 
minute. The P waves arise at the termination of the 
T waves, measure 0.14 second in width and are 
grossly notched. The P-R interval is 0.28 second. 
Diaphragmatic infarction is suggested by the promi- 
nent Q in un, m and aVF, but the ST-T changes 
do not support the diagnosis of recent inferior 
infarction. Instead, they suggest ischemia and a 
widespread injury current involving the anterior sur- 
face of the heart. The Q-Tc interval is 0.26 second 
which is within normal limits. The diagnosis of left 
ventricular hypertrophy is suggested by the high 
voltage over the precordium.® 

The tracing on February 11, 1958 reveals a dra- 
matic shift of the T wave vector. T waves are now 
upright and peaked over the precordium. P-R pro- 
longation of 0.28 second and abnormal P waves 
persist. The Q-Tc interval has lengthened some- 
what but is still within normal limits, 

On February 17 the only change that has occurred 
in the six day period between these two tracings is 
that the T waves are no longer peaked. 

On February 19 generalized T wave abnormalities 
have again appeared in a period of twenty-four 
hours. The T waves are not as deeply inverted as 
they were initially and the Q-Tc interval is again 
normal. The P-R interval is increased to 0.32 second 
and the morphology of the P waves is unchanged. 

The tracing on March 11, 1958 taken following 
initial treatment shows some improvement in the 
appearance of the T waves in leads 1, aVL and Ve. 
The P-R interval has decreased to 0.24 second and 
the ventricular rate is relatively unchanged. A nor- 
mal Q-Tc interval is again observed. 

Following recurrence of hyperthyroidism seven 
months later (October 1), primary T wave abnor- 
malities are again seen but are less pronounced. Ter- 
minal inversion of the T wave is again noted in V3 
whereas the T is flattened in leads 1, aVL and V.¢. 
Delayed A-V conduction persists but is now only 
0.22 second. The Q-Tc interval is normal. 

The record on October 3 has again reverted to nor- 
mal within a two day period. The P-R interval is also 
normal. Notched P waves, however, are still noted. 

On October 6, T wave changes have recurred along 
with lengthening of the P-R interval to 0.24 second. 
The Q-Tc interval is normal. 

With reversion to the euthyroid state (March 5, 
1959) all ST-T changes have once again reverted to 
normal. The P-R interval (0.24 second) is slightly 
prolonged for this heart rate. 


Case 3. The patient is a twenty-three year old 
Negro woman who underwent thyroidectomy in 
1954 because of toxic goiter with exophthalmos. On 
September 11, 1957, she was given 7 mc. of radio- 
active iodine as treatment for recurrent hyper- 
thyroidism. On October 11, 1957, she entered the 
hospital in diabetic ketoacidosis and had evidence 
of thyrotoxicity for which she was given methima- 
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Fic. 3. Case 3. 


Serial electrocardiograms. 


zole (Tapazole®). The patient responded to this 
therapy but symptoms and signs of thyroid toxicity 
appeared when it was discontinued. . The PBI was 
9.7 wg. and the twenty-four hour uptake of radio- 
active iodine was 58 per cent on April 1, 1958, when 
additional treatment with 7 mc. of radioactive iodine 
was given. After a period of transient hypothyroidism, 


the patient became and remained euthyroid. In 
June, 1958, she entered the hospital again because of 
diabetic ketoacidosis. The PBI was 4.7 ug. 

Electrocardiograplic Findings (Fig. 3): On October 
15, 1957, the rhythm is a sinus tachycardia at a rate 
of 104 per minute. There are no abnormal P or 
QRS changes and: the P-R interval is within normal 
limits. The S-T segment is coved and the T wave 
inverted in leads un, m1 and aVF. Gradual ascent of 
the S-T segment associated with terminal T wave 
inversion is noted in all precordial leads. The Q-Tc 
interval is 0.23 second which is 8 per cent below nor- 
mal, 

The atrial and ventricular rate on October 17 is 
90 per minute. Dramatic T wave changes have oc- 
curred in the two days since the preceding tracing. 
The T waves are now distinctly upright in leads 1 and 
ul, inverted in m and flattened in aVF. Slight S-T 
segment elevation with upright T waves charac- 
terize the precordial leads. Despite the notable shift 
of the T wave vector to a more normal anterior direc- 
tion this tracing is still considered abnormal in the 
presence of the flattened T in aVF and resultant in- 
verted T in lead m. The Q-Tc interval has in- 
creased to 0.28 second which is within the normal 
range. 

A sinus tachycardia is again noted on June 30, 1958 
at 120 per minute. The tracing is otherwise normal. 
T waves are now upright in leads m1 and aVF. The 
Q-Tc interval is 0.21 second and is normal for this 
heart rate. 


Case 4. A forty-nine year old Negro woman en- 
tered the hospital in November, 1953 with complaints 
of nervousness, weakness, weight loss despite a good 
appetite, polyuria and polydipsia. No goiter was 
palpable. The chest roentgenogram was normal. 
The PBI was 13.7 wg. and the uptake of radioactive 
iodine was 92 per cent in twenty-four hours. 

On December 14, 1953, the patient was treated 
with 7 me. of radioactive iodine. In August, 1954, 
she was myxedematous. The PBI was 1.6 ug. and 
the uptake of radioactive iodine was 6 per cent in 
twenty-four hours. She did not improve after ad- 
ministration of thyrotropin. Four basal metabolism 
determinations ranged between —30 and —40. . She 
was treated with triiodothyronine and responded well 
by December 1, 1954, at which time the basal me- 
tabolism was —8. At present she is euthyroid on a 
maintenance dose of thyroid extract. 

Electrocardiographic Findings (Fig. 4): The atrial and 
ventricular rate is 83 per minute on November 19, 
1953. There are no P wave or P-R abnormalities. 
The T wave is normal in all the limb leads except 
aVL where it is inverted. The S-T segment gradually 
ascends and terminates in an asymmetrically in- 
verted T wave in V3. (This was seen also in V2 and 
V,.) T waves are upright in V; and Vs. The Q-Tc 
interval of 0.32 second is within normal limits. 

On August 4, 1954 nine months have elapsed since 
the first tracing and the patient is myxedematous. 
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Fic. 4. Case 4. Serial electrocardiograms. 


The rate is now 54 per minute. T wave inversion is 
seen in leads 1, u, aVL and aVF. The S-T segment 
is isoelectric over the precordium and there is sym- 
metrical T wave inversion in Vs; and Vg. The Q-Tc 
interval is 0.52 second, 17 per cent greater than nor- 
mal. 

On December 1, the patient is euthyroid. The T 
waves have become upright but of low amplitude in 
all the bipolar leads and in aVF. A flattened T 
wave remains in aVL. The T wave is diphasic in 
V; and Vs. The Q-Tc interval is relatively un- 
changed at plus 10 per cent of normal (0.40 second). 
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Fic. 5. Case 5. Serial electrocardiograms. 


T wave abnormalities are no longer observed on 
February 2, 1955. The only abnormality is the sag- 
ging S-T segment in V; and V,. 


Case 5. This case is that of a twenty-nine year 
old Negro woman who had a history of diarrhea, 
weight loss, tachycardia and nervousness. ‘There was 
marked quadriceps weakness as well as generalized 
muscular atrophy. She had a diffusely enlarged goi- 
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Fic. 6. Case 6. Electrocardiograms during a thyrotoxic crisis (A) and following remis- 


sion (B) twelve days later. 


ter. The PBI was 19 ug. and the uptake of radioac- 
tive iodine was 78 per cent in twenty-four hours. The 
chest roentgenogram was normal. The highest pre- 
treatment hemoglobin was 11.8 gm., the lowest 9.6 
gm. By April 28, 1958, the patient had responded 
to iodothiouracil. A thyroidectomy was subse- 
quently performed. 

Electrocardiographic Findings (Fig. 5): On April 14, 


1958, a sinus tachycardia is identified at a rate of 94 
per minute. Symmetrically inverted T waves are 
noted in leads n, mt and aVF. In all precordal 
leads the S-T segment slopes upward, appears 
coved and terminates in an inverted T wave. The 
QRS voltages over the precordium are above normal 
limits. The Q-Tc interval is 0.26 second which is 
within normal limits. 
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The tracing on April 21, 1958 shows relatively 
little change. 

Following treatment the rate has slowed to 82 per 
minute as of April 28. T wave inversion is less pro- 
nounced in leads un, m and aVF. The precordial 
lead T wave abnormalities are essentially unchanged. 
The Q-Tc interval has increased to plus 25 per cent 
of normal and measures 0.50 second. 

T wave abnormalities are no longer present on 
May 7, 1958, and the tracing is now normal. The 
Q-Tc interval has shortened considerably and is now 
within normal limits for this heart rate(0.26 second). 


Case 6. This fifty-year old white man entered 
the hospital in May, 1957 with chief complaints of 
abdominal pain and diarrhea. The history noted 
weight loss despite a good appetite, marked heat in- 
tolerance and weakness. A small goiter (less than 40 
gm.) was detected. There were eye signs and my- 
opathy. The PBI of 18.8 ug. and the uptake of radio- 
active iodine (57 per cent in twenty-four hours) 
confirmed the diagnosis of hyperthyroidism. 

On May 17, 1957, he was treated with 4 mc. of 
radioactive iodine. He was discharged from the hos- 
pital shortly thereafter but on June 18, 1957, he re- 
entered with fever, tachycardia and profuse perspira- 
tion. The chest roentgenogram was normal. Pyuria 
was noted. He was treated for acute pyelonephritis 
but was also considered to have a thyrotoxic crisis. 
During this time he developed marked chemosis and 
other evidence of severe ophthalmopathy. The sub- 
sequent course was one of persistent hyperthyroidism 
with exophthalmos that required multiple treatment 
before thyroid ablation resulted. 

Electrocardiographic Findings (Fig. 6): During severe 
hyperthyroidism (June 21, 1959) the atrial and ven- 
tricular rate is 105 per minute. The T wave is flat- 
tened in lead 1, inverted in aVL and terminally in- 
verted in V, through Vs. Gradual ascent of the S-T 
segment is seen in V4 and Vs. The Q-Tc interval is 
0.24 second which is slightly shortened. 

Following control of the hypothyroidism (July 3, 
1957) the rate is 65 per minute and T wave abnor- 
malities have persisted. The Q-Tc interval is calcu- 
lated at 0.36 second, normal for this heart rate. 


COMMENTS 


In our entire series of 123 patients with 
hyperthyroidism, forty-six (37.4 per cent) pre- 
sented a sinus tachycardia with rates above 
100 per minute. This finding, in general, is 
similar to that in previous reports'® and is 
apparently related in a crude fashion to the 
general increase in basal metabolie rate. Atrial 
fibrillation was the dominant rhythm in fifteen 
patients or 12.2 per cent of this series. 

Prolongation of the P-R interval was found 
in eleven of the 123 patients (8.9 per cent). 
Since this interval varies with age and heart 


NOVEMBER 1960 


Electrocardiogram in Thyrotoxicosis 901 


rate, proper allowance was given to these fac- 
tors in arriving at an accurate appraisal. We 
have been impressed by the frequency with 
which persistent delayed A-V conduction is 
seen in hyperthyroidism and believe it has 
received less emphasis in the literature than it 
deserves. 

The significant incidence of generalized ST-T 
abnormalities (22.7 per cent) in this random 
group of hyperthyroid patients was a surprising 
finding. The predominance of these changes 
in young women with hyperthyroidism has 
already been mentioned. These abnormalities 
were of a stereotyped nature and called forth a 
remarkably frequent interpretation of “‘myo- 
carditis or pericarditis’ by numerous inde- 
pendent observers. In general the S-T segment 
was isoelectric or slightly elevated, appeared 
coved and the T wave was terminally inverted. 
The ST-T abnormalities were usually distrib- 
uted over all the precordial leads and most, 
if not all, the bipolar and unipolar limb leads. 
The generalized nature of the changes was the 
factor responsible for the diagnosis of possible 
myocarditis or pericarditis. 

In a study of a series of fifty patients with 
thyrotoxicosis, Sandler" concluded that no sig- 
nificant T wave changes occurred. However, 
he stated that T wave inversion appeared “‘in one 
or other lead in over 50% of the thyrotoxic pa- 
tients.” He did not distinguish between normal 
and abnormal T wave changes and, therefore, the 
conclusion is meaningless despite the fact that 
over 50 per cent of his controls also had T wave 
changes. Gordan et al.® described abnormal T 
waves in 19 per cent of 121 patients with hyper- 
thyroidism, which consisted of low amplitude, 
notching, diphasic appearance and abnormal 
contour. Only the three standard leads and the 
precordial lead IVF were used to examine these 
changes. One of his illustrated cases mani- 
fests ST-T abnormalities similar to those found 
in our series. The percentage of patients with 
abnormal T waves in Gordan’s series tallies 
closely with those in our study. 

An interesting and perhaps specific charac- 
teristic of the ST-T change is its transitory 
nature. In many of our patients florid T 
wave inversion throughout the tracing would 
vanish within a period of 24 to 48 hours and 
subsequently reappear within a few days with 
no obvious change in the patient’s clinical 
status. Transient T wave abnormalities have 
been described under many different physio- 
logic situations such as hyperventilation, drink- 
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ing cold liquids, exercise, acute pain, anxiety 
and others. However, these physiologic T wave 
variations are not generalized and the T waves 
appear flat or only very slightly inverted when 
compared to those seen in the present series. 
To our knowledge, shortening of the Q-T 
interval in thyrotoxicosis has not been reported 
heretofore. It is well known that systole 
shortens appreciably with increasing heart rate. 
Since the Q-T interval is a function of electrical 
systole, as the heart rate increases the Q-T 
interval diminishes proportionately. Calcu- 
lation of the Q-Tc interval is thus important 
to eliminate the effect of tachycardia on elec- 
trical systole and derive a true value dependent 
upon primary changes in myocardial physiology. 
Seventeen per cent of our patients presented a 
shortened Q-Tc interval. Further breakdown 
reveals that 46 per cent of the patients with 
ST-T abnormalities manifested a shortened 
Q-Tc interval. Since digitalis shortens the 
Q-Tc interval, those patients receiving this 
drug at any time during their course were not 
included in the statistical breakdown. 


DIFFERENTIAL DIAGNOSIS 


In the electrocardiogram, acute rheumatic car- 
ditis is frequently characterized by generalized 
T wave changes which resemble those. pre- 
sented in this report.'’* Prolongation of the 
P-R interval often coexists, thus compounding 
the similarity. However, in cases of active 
rheumatic carditis with T wave abnormalities 
the Q-Tc interval is invariably prolonged to a 
significant degree.'’ This feature serves to 
separate those cases of rheumatic carditis from 
thyrotoxicosis since a shortened Q-Tc interval 
characterizes the latter. Disseminated lupus 
erythematosus may also be represented by 
similar T wave changes in the electrocardio- 
gram as a result of an accompanying pancar- 
ditis. In our experience the Q-Tc interval has 
been prolonged in these instances. 

In the subacute stage of idiopathic pericarditis 
the S-T segments may become isoelectric and 
the T waves inverted. Despite numerous re- 
ports in the literature'*~-*° describing these 
changes there is nothing to indicate any sig- 
nificant variation of the Q-Tc interval. Diph- 
theria and viral disorders such as poliomyelitis” 
may also present themselves with nonspecific 
T wave changes associated with normal or 
prolonged Q-Tc intervals. 

Myocardial ischemia must also be considered 


in the differential diagnosis. Usually the T 
wave abnormalities in ischemia are more 
localized to either the anterior or diaphrag- 
matic surface of the heart than those seen in 
thyrotoxicosis. The Q-Tc interval may again 
differentiate these two disorders since it is 
usually prolonged in ischemia. 

The evanescent nature of the T wave abnor- 
malities in thyrotoxicosis is rarely seen in the 
specific types of carditis enumerated above. 
T wave abnormalities persist unchanged for 
weeks or months in myocarditis and are more 
transient in hyperthyroidism. Ischemia, how- 
ever, may also give rise to short-lived T wave 
changes. 

Besides digitalis, which is by far the most 
frequent offender, the only other entity known 
to be responsible for shortening of the Q-Tc 
interval is /Aypercalcemia. However, inversion 
of the T waves is not seen in hypercalcemia. 


PATHOGENESIS OF ELECTROCARDIOGRAPHIC 
CHANGES 


Asboe-Hansen et al.”:* have used special 
Staining technics to show mucopolysaccharide 
deposits in ocular muscles, retrobulbar connec- 
tive tissue and biopsy specimens of biceps bra- 
chii and quadriceps femoris in all cases of 
hyperthyroidism with eye signs. This is thought 
to be due to the effect of thyrotropin or a re- 
lated pituitary factor. It is attractive to specu- 
late that such infiltrations could occur in cardiac 
muscle and somehow account for the electro- 
cardiographic changes. However, if this were 
so, one should expect the changes to persist 
after treatment of hyperthyroidism, as do 
ophthalmopathy and pretibial myxedema. 


. Such is not the case. 


Adrenal Hormonal Factors: ‘The transitory 
nature of the electrocardiographic changes sug- 
gests a neurohumoral factor as the provocative 
agent. The common derivation of thyroxin 
and epinephrine from tyrosine* supports an 
inter-relationship between these hormones and 
suggests a similar pharmacologic effect. In 
addition, Rogoff and Cortell?® have shown an 
increased rate of liberation of epinephrine 
from the adrenal glands in hyperthyroidism. 
McGavack"* has postulated that thyroid hor- 
mone sensitizes the organism to the action of 
adrenal medullary secretion. That altered 
myocardial metabolism can occur as a result of 
increased work in meeting the demands of the 
hyperthyroid state as well as from a direct 
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effect of thyroxin on the cardiac muscle has 
long been known.?’—*® Amine oxidase in- 
hibition by thyroxin®*® may well augment the 
accumulation of sympathogenic catecholamines 
which produce tissue injury and call for oxygen 
consumption in excess of the requirements for 
cardiac work. Enhanced sympathetic stimu- 
lation as a concomitant of hyperthyroidism is, 
therefore, well documented in the literature. 

We have recently seen the electrocardio- 
grams of two patients with pheochromocy- 
tomas who presented ST-T changes resembling 
those described in this report. In both in- 
stances the Q-Tc interval was at the lower 
limit of normal. This observation supports the 
inter-relationship between thyroid hormone 
and norepinephrine and the resultant effect on 
the electrocardiogram. 

Neurohumoral Imbalance: WHartwell and as- 
sociates** have shown that adrenergic drugs 
lower the amplitude of the T waves while 
cholinergic drugs increase their amplitude. 
Elek et al.* have reported that the adrenergic 
blocking agent, dihydroergocornine, when given 
intravenously, may change the T waves from 
inverted to upright in hyperthyroidism or in- 
crease their amplitude when normal T waves 
are found. Central vagal stimulation or a 
direct myocardial action is presumed to account 
for the effects of dihydroergocornine.® It is 
conceivable that, for unknown reasons, the 
patient with hyperthyroidism may suddenly 
and at times, temporarily, suppress the en- 
hanced sympathetic discharge usually present 
and substitute, in its stead, a parasympathetic 
response. This hypothesis is a reasonable one 
and would explain the resultant shifts of the 
T wave vector in the electrocardiogram to a 
more normal direction. Further light may be 
shed upon this possible neurohumoral im- 
balance and the dramatic changes it produces 
in the electrocardiogram by injecting dihydro- 
ergocornine in hyperthyroid patients with 
ST-T abnormalities and noting the response. 


SUMMARY AND CONCLUSIONS 


The electrocardiograms of 123 patients with 
thyrotoxicosis were studied. A significant in- 
cidence of generalized ST-T changes was found 
in addition to shortening of the Q-Tc interval 
and prolongation of the P-R interval. Transi- 
tory T wave abnormalities were a distinctive 
feature of the disorder. It is suggested that 
neurohumoral factors may be the responsible 
agent. 
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Electrocardiographic Changes Following the 
Administration of Thyroid Stimulating 


Hormone (Thyrotropin)’ 


Saut P. BAKER, M.D., F.A.c.c.,1 Mitton LANDOWNE, M.D. and GEorRGE W. GAFFNEY, M.D. 


Baltimore, Maryland 


IS REPORT describes certain electrocardio- 
§ bet changes which occurred when 25 
mg. (10 U.S.P. units) of thyroid stimulating 
hormone (TSH) was administered intramuscu- 
larly daily to each of five men for a period of four 
or five successive days. Although we are not 
aware of any reports of electrocardiographic al- 
terations following administration of TSH, there 
is certainly nothing unusual in the occurrence of 
changes in the electrocardiogram concurrent 
with increased thyroidal activity, whether drug 
induced or associated with disease.! However, 
the time relation of the changes which were ob- 
served during TSH administration were un- 
expected and may provide information on the 
mechanism of thyroid stimulation of the heart. 


METHOD AND RESULTS 


The subjects, aged forty-six to ninety-two, 
were Clinically euthyroid. They are described 
in detail elsewhere.2 Table 1 summarizes their 
cardiac and thyroid status. They were ex- 
amined before TSH was first administered and 
daily thereafter. Observations of basal meta- 
bolic rate (BMR), serum protein-bound iodine 
(PBI) and accumulation by the thyroid gland 
of a tracer dose of radioactive iodide (I'*) 
were made as part of a programmed study.’ 
Detailed descriptions of these observations and 
the methods used are given elsewhere.?—~ 
The electrocardiograms were taken as a matter 
of clinical interest. Table 1 summarizes the 
electrocardiographic changes and relates these 
to time of TSH administration and changes in 
BMR, PBI and I'* uptake. Individual cases 
are described as follows: 


CasE Histories 


Case 1. W. D., forty-six years old, was under 
domiciliary care. He had inactive pulmonary 
tuberculosis. A leg had been amputated below the 
knee twelve years previously, following a freezing 
exposure and bilateral lumbar sympathectomy. 
There was no history of cardiac disease. Heart size 
and blood pressure were normal. An electrocardi- 
ogram taken five months previously was normal with 
heart rate of 76 per minute, except for a broad 
notched P wave in leads u, m, aVF and Vz: to 
Vi (Fig. 1). 

After three days of TSH administration, counting 
the day on which the first dose was given as Day 0 
(Fig. 1, TSH 3), there was an irregularity of cardiac 
rhythm which was revealed to be due to a shifting 
sinus pacemaker and premature atrial systoles, some 
of which showed aberrant conduction. The average 
heart rate was 73 per minute. In addition, QRS 
was increased in amplitude in lead u, aVR, and V; 
through V. and exhibited terminal notching or 
slurring. T was taller in leads 1 and V2. On the 
following day, on which the fifth and last dose of 
TSH was given (Fig. 1, TSH 4) the electrocardiogram 
showed a rate of 89 with less than 1 per cent prema- 
ture atrial systoles. T was diphasic with a sharp 
terminal inversion in Vy. A day later the rate 
reached a peak of 114, premature atrial systoles were 
more frequent and T wave inversion was more wide- 
spread and marked, becoming evident in leads un, 
m and V2 through Vs. S-TI was depressed in Vs. 
Two days after discontinuance of the drug, the 
heart rate was 105 but no premature beats were 
present of almost 200 recorded beats. S-T remained 
depressed in V;._ T waves were less negative or were 
positive. On the next day the basal metabolic rate 
attained the highest value observed. Five days 
after withdrawal of TSH the T waves were again 
normal although the heart rate and basal metabolic 
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TABLE I 
Cardiac and Thyroid Findings in Five Patients Treated with TSH 


Case 1 


Case 2 


Case 3 


Case 4 


Age (yr.) 46 51 
Prior records (yr. ) 13 2 
Overt symptoms None None 
Thyroid examination Negative Negative 
Cardiac examination: 
Rate* (beats/min. ) 64 74 
B.P.* (mm. Hg) 115/74 118/80 
Murmurs None None 
Heart size on x-ray film Normal (0) 
(% oversize ) 


ECG: resting Broad P 


exercise 


Basal metabolic rate (%) —5 

Thyroid I'*! uptake at 24 hr. 53 
(% dose) 

Serum protein-bound iodine 5.1 
(ug./100 cc.) 


Normal (+5) 


Small QRS in 
limb leads 


81 
8 
None 


Negative 


56 

163/82 

Apical systolic 
Enlarged (15) 


LVH pattern; 
small T in 
1, V; to Ve 


88 

4 

Mild exertional 
dyspnea 

Negative 


68 

140/67 

None 

Equivocal 
(<15) 

P-R 0.24; occa- 
sional atrial 
premature 
systole 


92 
1 
None 


Negative 


64 

144/80 

Harsh systolic 

Enlarged 
(<20) 

P-R 0.25; de- 
pressed S-T, 
low T int, 
V, to Vz 


Normal ECG; 
rapid rate 


Response nor- Response nor- 
mal 

+9 +4 

48 43 


7.1 5.9 


* Mean of five determinations at weekly intervals. 


rate were still elevated. The precordial T abnor- 
malities, however, were again noted in a record taken 
ten days later, and inversion of T was demonstrable 
three weeks after the discontinuance of TSH in leads 
taken one interspace above and below the standard 
positions in the left anterior chest. Premature 
systoles were variably present to the extent of 8 per 
cent at four days, 15 per cent at fourteen days but 
were absent in the record taken three weeks after 
TSH was discontinued. 


Comment: In this case, with a single control 
record which showed only suggestive atrial 
abnormality, TSH administration was followed 
by premature systoles, S-T depression and T 
wave inversion. Since the premature systoles 
and T wave inversions were variably present 
long after the drug was stopped, they may have 
been present irregularly before the treatment 
or have been dependent on electrode placement. 
The single control record is inadequate to 
exclude this possibility. The electrocardio- 
graphic abnormalities were first noted, however, 
before the increase in heart rate became marked 
and before the increase in basal metabolic rate 
was significant. 


Case 2. L. G., fifty-one years of age, presented 
residual memory and personality defects after re- 
covering from acute meningovascular syphilis eighteen 
months before the study. He was subject to infre- 


Measured under basal conditions of BMR test. 


quent major epileptiform seizures, a condition which 
may have preceded his central nervotis system dis- 
ease. These seizures were controlled by pheno- 
barbital and Dilantin®. The cardiac roentgeno- 
graphic shadow was within the limits of normal size 
and was of nermal contour. Two control electro- 
cardiograms showed rates of 76 and 90 per minute 
with small QRS complexes in the limb leads. In the 
first record QRS and T in the precordial leads were 
also small. In the second record, however, the pre- 
cordial deflections were taller. The electrocardi- 
ographic response to a two step exercise test was 
normal except for persistent elevation of heart rate. 
In an electrocardiogram taken after four days of 
TSH administration, the heart rate was 103 per 
minute and the precordial T waves were intermediate 
in height between the two control records. ‘T waves 
in leads V2 and V3; decreased on the following day 
to 2 to 3 mm., still within control limits despite the 
elevated rate. On this day the fifth and final dose 
of TSH was given. The peak of basal metabolism 
response occurred a day later. Five days after with- 
drawal of TSH, T waves were as tall or slightly taller 
than in control records, and a final tracing eighteen 
weeks afterward was similar to the first control. 


Comment: In this subject there was no sig- 
nificant change in the electrocardiogram. Vari- 
ations in precordial QRS and T waves were 
present in the control record and, despite the 
tachycardia induced by TSH, the T waves 
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Case 1. 
the observed abnormalities were demonstrated to a variable degree after the drug was discontinued, they are not 


Fic. 1. 


definitely ascribable to TSH treatment. 
Table 1, is omitted in this figure. 


subsequently increased slightly in height in the 
precordial leads. 


Case 3. A. A., eighty-one years of age, displayed 
moderate chronic emphysema, systolic hypertension 
and mild cardiovascular disease presumably conse- 
quent to coronary atherosclerosis. He had been 
known to us for eight years. His cardiac transverse 
diameter was 15 per cent oversize on roentgeno- 
graphic examination, compared with mean transverse 
diameter for his height and weight as given in stand- 
ard tables. During the seven year period for which 
electrocardiograms were available, and prior to the 
first of the two control records taken three years prior 
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Effect of administration of thyroid stimulating hormone (TSH) on the electrocardiogram. Since 


A record taken fourteen days after the withdrawal of TSH, described in 


to and just before the study, respectively (Fig. 2), 
there was decrease in T in leads 1 and V, to V¢, 
decrease in R in I and increase in R in Ve and V3. 
Comparison of the two control records showed no 
further diminution in T and no change in R. 

An electrocardiogram taken after four days of 
TSH treatment showed a decrease in T in almost all 
leads, with a striking coving of S-T and an inversion 
of T in V4 to Vs. At this time, his heart rate was 73 
and symptomatic evidence of increased metabolism 
was not manifest. Due to the electrocardiographic 
alterations, however, a programmed fifth dose of 
TSH was withheld. A day later, however, the heart 
rate was 85; T was upright in all leads but the S-T 
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TABLE 11 
Electrocardiographic Changes Correlated with Changes in Thyroid Function 


Electrocardiogram 
Serum 


Time Relation 
of ECG to TSH 


Administration 


Period 


Days* 


Pre- 
mature 
Sys- 
toles 


(%) 


S-T 
Segment 


Protein- 
bound 
Iodine 
(ug./ 
100 cc..) 


Control 
TSH 


Recovery 


Controls 
TSH 


Recovery 


Control 


TSH 


Recovery 
Controls 


TSH 


Recovery 


0 
4 


<1 


Nt 
N 


Depressed 
in Vs 


Depressed 
in Vs 


Depressed 
N 
N 
N 
N 


Slightly de- 


Taller in 
I, V2 
Diphasic 
in Vi; 
Vs 
Inverted 
in 
tm, V2 
to Vs 
Diphasic 


Inverted 
in Vi, 
V3, Vs 


Small in 
I 


Smaller, 
inverted 
in Vi 
to 


Vi, V; 
Taller in 
ll 


5.7§ 
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t | | 

ase | Meta- | take 

on a No. R T bolic at 24 

(per R H 

(per Waves min. ) %) 

1 76 N 64§ —2§| 458| 

oo i 3 73 82 +1 

att 4 89 = 89 —3 97 16.6 

pom 5 | 114 9 po 92 +11 

1 105 0 80 +27 

in mI, 

Pee 2 102 +36 13.7 

ate 4 88 8 | N Tall in 89 13 10.4 

ve 14 79 15 N Diphasic 81 +17§ 

2 90 0 | N N 74§ —5§]* 5.1§ 

76 0 N N 

Bore | 4 | 103 0.| N N 96 +1 74 | 12.0 

oo 5 109 N Lower in 97 +1 

V2, V3 

3 103 +18 11.2 

5 1 <1 1-8 Taller in 

V3, 

3 68 0.| N 56§ +4§| 48§| 7.1§ 

3 70 —5 

ae 4 73 0 Coved 71 +24 | 100 | 16.0 

a ies 1 85 0 N 72 +34 

Lie Be 21 59 0 N 60§ —1§| 43§| 6.08 

81 0 N 

eae a 2 83 3 Lower in 74 +31 13.2 

3 | 88 | 

pressed 

in I. V 

iis 4 86 6 | N N 79 +13 65 | 13.3 

pee 4 | 74 | +27 10.4 

ae | 6 88 10 | N N | | | | 

+ 
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TABLE 11 (Continued) 
Electrocardiogram 
Time Relation Basal Thyroid) Serum 
of ECG to TSH Pulse | Basalt Up-| Protein- 
Case Administration Heart e- Ratet Meta- take | bound 
No. Rae ee S-T T ( bolic at 24 | Iodine 
Sys- Rate | Hours | (ug./ 
(per toles Segment Waves min.) o 
| | min.) (%) (%) | 100 cc.) j 
Period Days (%) 
5 Controls 71 0 Slightly de- N 64§ +1§ 32§ 5.8§ if 
pressed 
in I, 
aVL, Vs 
to Vs 
74 15 Slightly Lower in 
greater V; to 
depres- Vs 
sion in 
Vito Ve 
TSH 2 77 8 Depressed No change 70 +8 11.0 
im 
Vito V; 
3 83 18 More de- Smaller 76 +16 in 
pressed in V3, is 
in V, to Vi; di- 
Vs phasic 
in V5, 
Ve 
4 82 17 Less de- Taller in 80 +6 92 13.6 i 
pressed V4; up- 
in V, to right 
Vs in V; 
Recovery 1 88 20 Less de- Upright 71 +15 
pressed in V4, 
in Vs, Vs; di- 
Ve phasic 
in Vs 
2 82 13 Similar to 77 +16 
control 
| 3 82 +58 10.3 
| 118 72 0 N As in 66§ +10§ 34§ 5.3§ 
control 


* Counting the first day of administration as Day 0. Thus the day on which the fifth dose of TSH was adminis- 
tered would be designated ‘“TSH 4,”’ the following day as ‘“TSH 5,” and successive days thereafter as ‘‘Recovery 1,” 


etc. 


+ Calculated on basis of weighted mean data compiled by Shock and Yiengst.5 


t N indicates ‘“‘normal.” 


§ Control values were measured during five weeks preceding TSH administration. 
trol and long term recovery periods, more precise time relations to days on which TSH was given and electrocardi- 
ograms were taken, as well as additional data, are given in Reference 2. 


Values measured during con- 


with diminution and inversion of 


segment was relatively depressed in leads 1, m, 
aVF, V; and Vs. On this day the basal metabolic 
rate reached the highest value observed. Three 
weeks later the record had returned to control con- 
figuration and the electrocardiographic response to 
standard exercise was normal. 


Comment: In this case the administration of 
TSH was associated with striking changes con- 
sisting of coving and depression of the RS-T 


NOVEMBER 1960 


segment, 
precordial T in leads V, to Vs. These changes 
occurred prior to maximum observed change in 
basal metabolism, and were not evoked by an 
exercise test after therapy had been discontin- 
ued. 


Case 4. W.L., eighty-eight years old, was known 
to us for four years prior to this study. He was deaf 
and past history was not well documented, but he 
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Controls 


Fic. 2. Case 3. 
tracings is omitted from Table u. 


Days of TSH Recovery: Days After 
Administration TSH Discontinuance 


1 


Effect of TSH on the electrocardiogram. The earlier of the two control 
After four days of administration of TSH, there were 


striking changes: coving and depression of the RS-T segment, with diminution and inversion 


of T in leads V, to V¢. 


had been observed to have mild emphysema with 
frequent recurrences of mild lower respiratory infec- 
tions. His cardiac index was 1 9 L./min./M2?, which 
is low. The circulation time (arm-to-tongue) was 
twenty-eight seconds. Atrial and venous pressures 
were normal. On roentgenographic examination 
there was extensive calcification of the arterial system. 


Cardiac size had not increased during the preceding 
three years and was less than 15 per cent greater than 
the mean normal value. Pulmonary functional im- 
pairment was evidenced by a maximum breathing 
capacity of 38 L./minute, vital capacity of 2.4 L. 
and a total lung capacity of 5.7 L. 
Electrocardiogram control records (Fig. 3), taken 
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described in Table 11, is omitted from the figure. 


Days of TSH Administration 


Effect of TSH administration on electrocardiogram. The earlier of two control records, 
After four days of TSH administration, premature ven- 


tricular systoles (broad, with peaked T waves) appeared which did not diminish until eight days after TSH 


was discontinued. Little change in heart rate was noted throughout the series. 


A record taken six days 


after the withdrawal of the drug, described in Table n, is not included in the figure. 


three months and again several days prior to TSH 
administration, did not differ significantly from a 
record taken three years before, except for P-R pro- 
longation to 0.24 second in the earlier of the two con- 
trol records. Occasional premature atrial systoles 
were noted. 

In an electrocardiogram taken after two days of 
TSH administration (Fig. 3), premature atrial sys- 
toles appeared. The P-R interval did not change 
significantly. After three days of TSH administra- 
tion, S-T revealed minimal depression in leads 1, 
Vs and V,. After four days of TSH treatment (the 


subject received five doses of TSH), premature ven- 
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tricular systoles appeared in the record for the first 
time. They persisted, diminishing on the eighth day 
after TSH was discontinued. Little increase in heart 
rate occurred throughout the series. A record taken 
two and one-half weeks after withdrawal of TSH 
revealed persistent atrial premature beats but none 
of ventricular origin. 


Case 5. G. F., ninety-two years of age, was well 
except for a small draining sinus in the anterior chest 
wall, the result of an abscess of unknown causation. 
There was slight cardiac enlargement; transverse 
diameter was estimated from the roentgenogram to 
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Days of TSH Treatment 


Recovery: Days After 
TSH Discontinuance 


2 


Fic. 4. Case 5. Effect of TSH administration on the electrocardiogram. The figure does not include the earlier 


of the control tracings described in Table u. 


slightly but premature ventricular systoles were frequent. 


in V; and Ve. 


After two days of TSH administration, heart rate had increased only 
After three days S-T was depressed and T was diphasic 
After four days of TSH, paired premature systoles occurred. Two days after withdrawal of TSH, 


although the basal metabolic rate was still elevated, S-T and T patterns showed a return toward control configuration. 


be less than 20 per cent greater than normal, but 
there was a prominent left ventricular salient. 

An electrocardiogram (Fig. 4) revealed first degree 
A-V block with a P-R interval of 0.25 second, slight 
depression of S-T in leads 1, 1, aVL and V, through 
V.. The T waves were low throughout the tracing. 
A left axis deviation was present in the limb leads. 
A second control record showed slight S-T depression 
in V4 to V,. and T waves which were smaller in leads 
V3; to Vs. In this tracing premature ventricular 
systoles were present. Although the control record 


was abnormal, the electrocardiographic response to 
exercise was normal. 

After two days of TSH treatment the heart rate had 
increased only four beats per minute over the mean 
(73) of the control values, but premature ventricular 
systoles were frequent and there were runs of bi- 
geminal rhythm (Fig. 4). After three days of TSH 
S-T was more depressed in V4 to Vs and T was 
diminished in V4 and diphasic in Vs and Vs. One 
day later the heart rate was 82 per minute, S-T was 
less depressed, T in V4 was taller and T in V; was 
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upright. On the following day, the record was 
essentially unchanged, except that the premature 
systoles now occurred in short runs of two successive 
beats, the second of which varied in form. T was 
upright in V4 and V; and slightly diphasic in V¢. 
S-T waves in V; and V¢ were less depressed. Because 
of the signs of ventricular irritability, TSH was with- 
held at this time. A day later (two days after the 
fourth and last dose of TSH was administered), the 
heart rate was 82. There was no noteworthy change 
in the electrocardiogram except that the premature 
systoles occurred singly and in runs of bigeminal 
rhythm. On the following day, although the basal 
metabolic rate was still elevated, the S-T and T 
patterns showed a return toward control configura- 
tion. A record taken three months later did not 
show any premature ventricular beats. 


COMMENTS 


Four of five subjects showed definite abnor- 
malities of electrocardiographic pattern during 
and immediately following the period of TSH 
administration. - These abnormalities were evi- 
dences of increased irritability and altered re- 
polarization. No pattern of QRS change oc- 
curred; and although the pattern of T wave 
inversion was “‘coronary type” in two Cases, 
there was no evolution to show injury currents, 
protracted myocardial insufficiency or infarc- 
tion. Sedimentation rate did not change, and 
serum glutamic oxalacetic transaminase, assayed 
in four subjects, did not become abnormal. 

In Case 1 it may not be justifiable to ascribe 
observed abnormalities to the administration 
of TSH, since the changes were demonstrated 
to a variable degree after the drug was dis- 
continued (only a single control record was 
available for this case). In Case 2 the electro- 
cardiographic variations reflect no differences 
ascribable to TSH, and there was no evidence 
of increased irritability. In two of the re- 
maining three cases T wave inversion and 
evidences of increased irritability occurred. 
Since none of the subjects can be said to be 
free of underlying cardiac disorder, the ob- 
served alterations in the electrocardiograms may 
not accurately represent the response to TSH 
to be expected in “normals.” To the extent 
(hat our observations reflect the high incidence 
of cardiovascular abnormalities in older indi- 
viduals, however, they are not an unfair picture 
of the patient who might receive TSH on clinical 
crounds, 

Causes of Electrocardiographic Alterations: It 
was surprising that the electrocardiographic 
alterations were manifest early in some cases 
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before there were marked increases in heart rate 
(Cases 3 to 5) or basal metabolism (Cases 
1 and 5). Regression of electrocardiographic 
changes was noted, even though the basal 
metabolic rate was rising or at maximum ob- 
served value (Cases 1,3 and 5). Inasmuch as the 
time of electrocardiographic alterations did not 
correspond to changes in heart rate and basal 
metabolism, the possibility is suggested that 
the electrocardiographic alterations need not 
be the result of increased metabolic demands on 
the heart associated with thyroid stimulation or 
increased body metabolism. 

An early increased irritability and altered 
repolarization of the myocardium could be due 
to several other possible causes, singly or in 
combination: (1) TSH may have some direct 
effect upon the heart. (2) Cardiac effects of 
TSH might be mediated by the thyroid and 
represent the known effect of thyroid hormone 
on the heart, secondary to the increased cardiac 
metabolism and to the increased demands upon 
the heart of an increased total metabolism. 
They may appear temporally out of phase with 
changes in basal metabolic rate or heart rate 
because they may be more readily evoked during 
a change in circulatory requirement or cardiac 
performance before cardiac adaptation is opti- 
mal. (3) Since the changes observed following 
TSH administration resemble the effects of 
adrenergic agents in some respects, it is possible 
that these effects are due to sympathetic or 
sympathomimetic effects of thyroid hormone. 

We are aware of no evidence which would 
support the first possibility. Starr and Lieb- 
hold-Schueck® have reported electrocardio- 
graphic changes occurring during the treatment 
with thyroxine isomers of five patients who had 
myxedema. TSH was given to several of these 
patients (15 mg. on each of three successive 
days) and did not appear to affect the elec- 
trocardiogram in the absence of functioning 
thyroid. These authors report that the altera- 
tions in the electrocardiogram which occurred 
during thyroid substitution therapy tended to 
precede metabolic effects, and suggest that the 
change in the electrocardiogram represents a 
pharmacodynamic effect of these preparations. 
These observations and ours support the second 
and third possibilities. 

Sympathomimetic Effects of TSH Administration: 
That increased metabolic effects of thyroid 
hormones may lag behind the electrocardio- 
graphic effects is in accord with a body of 
experimental evidence suggesting that thyroid 
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hormone can potentiate the physiologic activity 
of epinephrine and norepinephrine. This has 
been given experimental support by studies in 
dogs in which sympathetic activity has been 
blocked,’ and in rats after surgical ablation of 
the adrenal medulla.’ Surtshin et dispute 
the hypothesis that the metabolic changes of 
thyrotoxicosis are due to augmented physiologic 
effects of epinephrine or norepinephrine, re- 
porting that neither adrenergic blockage nor 
adrenal demedullation would negate the calori- 
genic action of thyroxine in rats. This does 
not, however, argue against sympathomimetic 
effects of thyroid hormone. Since the electro- 
cardiographic effects in the subjects occurred 
early and with doses of TSH that were not ex- 
cessive, it may be possible to test the hypothesis 
that some effects of thyroid hormone are medi- 
ated via sympathetic mechanisms in the euthy- 
roid human. That the interrelationships are 
not simple, however, is apparent from the 
variety of metabolic and cardiovascular effects 
of epinephrine in even the hypophysectomized 
animal. Of interest, further, is the suggestion 
from the work of Ackerman and Arons! that 
epinephrine exerts a direct effect on the thyroid 
in activating secretion by the gland, although 
stimulation of the anterior pituitary-thyroid 
axis has not been ruled out as a possible mech- 
anism for epinephrine-induced release. of thy- 
roid hormones. 


SUMMARY 


In three of five men, aged forty-six to ninety- 
two, the intramuscular administration of 25 mg. 
(10 U.S.P. units) of thyroid stimulating hor- 
mone (thyrotropin; TSH) on each of four or 
five successive days, produced electrocardio- 
graphic evidence of changes in myocardial irri- 
tability and repolarization which appeared and 
declined early in relation to change in heart 
rate and basal metabolic rate. 

The nature and time course of these changes 
may provide information on the mechanism of 
thyroid stimulation of the heart, and are com- 
patible with an hypothesis that thyroidal ef- 
fects on the heart are, at least in part, mediated 


by a sympathomimetic mechanism. Other 
explanations are not excluded. The observa- 
tions are of clinical interest and may suggest a 
test of the above hypothesis in man. 
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Retrograde Catheterization of the Left | (~ 
Ventricle in Aortic Stenosis’ 


A. M. GruUNDEMANN, M.D., G. A. C. Boscn, m.p., E. J. M. ScHWANTYE, M.D., 
G. A. Reins, M.D. and A. P. M. VERHEUGT, M.D. 


Amsterdam, The Netherlands 


HE DIRECT determination of pressure in the 
left ventricle is of great value in examining 
patients with valvular disease of the left heart 
and in establishing surgical indications. There 
are three methods in current use: (1) trans- 
bronchial puncture of the left atrium’; 
(2) percutaneous puncture of the left atrium.* 4 
In these two methods a catheter is passed 
through the needle into the left ventricle. 
(3) Direct puncture of the left ventricle is the 
third method.*—4 
In comparing the results of these technics for 
reaching the left ventricle, we find that trans- 
bronchial puncture of the left atrium has a low 
morbidity and mortality; a fatal outcome is 
reported only sporadically." Morrow," who 
collected data on 1,200 cases, reports no 
mortality. Bronchoscopy, however, is an un- 
pleasant method of examination and it is diffi- 
cult to get the patient under basal conditions. 
Soulié reports that in thirty-one transbronchial 
punctures the left atrium was not reached in 
seven instances and that in the twenty-four 
successful punctures the left ventricular pressure 
could be estimated only fourteen times. Our 
own experience points in the same direction. 
There are a great number of publications'®—*! 
on percutaneous puncture of the left atrium. 
Its disadvantage is that the examination must 
take place in the lateral or ventral position 
which may cause hemodynamic changes.” 
Furthermore, this method is not without risk. 
In the series of Musser and Goldberg,’ who 
did 450 punctures of the atrium, there were 
various complications in sixty-three patients, four 
of whom died. Bougas” collected 1,770 cases 
from the literature and found a mortality of 
0.5 per cent. In his own series of 220 cases 
one patient died. In Bailey’s series* of 700 
examinations five patients died. There were a 


few fatal cases in various small series. !7.!8—20 
Moreover, the left ventricle was not always 
reached by this second method. Blakemore,” 
in a series of fifty-one patients, was unable 
to get into the ventricle of six patients. In 
his series there was one death and serious compli- 
cations occurred in two patients. He con- 
cluded that “‘the routine use of this method is 
not warranted. It seems advisable to perform 
the study only when an experienced thoracic 
surgeon is available.” 

Experience with the direct percutaneous 
puncture of the left ventricle is more limited. 
In the first series of thirty-four patients Brock® 
had no complications. Fleming et al.™ re- 
ported two deaths in 158 examinations. The 
number of slight complications, such as peri- 
cardial effusion, was small. In eight cases of 
their first series of thirty-six patients, the cathe- 
ter which was introduced through the needle 
in the left ventricle did not reach the aorta. 
The aorta was reached twenty-three times in 
the second series of forty-three patients. Flem- 
ing et al. concluded that the procedure was 
dangerous in patients considered bad risks; 
they advised doing this examination only when 
subaortic stenosis is suspected and there is no 
calcification of the valves. 

In view of the results obtained by these three 
methods of reaching the left ventricle, it would 
be desirable to have a simple method which 
involves only small risk to the patient when 
determining the pressure in the left ventricle 
under basal conditions and allowing catheter- 
ization of the right heart at the same time in 
order to estimate the cardiac output. While 
making thoracic aortographies with the method 
of Jénsson® we were struck by the fact that often 
the catheter easily went through the aortic 
valve into the left ventricle without causing 


* From the Departments of Cardiology and Thoracic Surgery, Onze Lieve Vrouwe Gasthuis, Amsterdam. 
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TABLE I 


Results of Catheterization of the Left Ventricle in 150 
Patients 


Left Ventricle 
Reached 
(no. ) 


Patients 
(no. ) 


Type of 
Stenosis 


(%) 


93 
20 


120 
30 


Not severe 
Severe 


TABLE 
Comparison of Results in Two Groups of Patients 


Group I Group II 
1955-1956 1956-1958 
Stenosis (40 Cases) (110 Cases) 
Present 
Success | Failure | Success | Failure 
(62.5%) | (37.5%) | (80%) | (20%) 
None 10 — 36 — 
Slight 9 — 38 — 
Slight or none —_ 11 = 16 
Severe 6 4 14 6 
Totals 88 


complications. In view of this we investigated 
whether retrograde catheterization of the left 
ventricle from a peripheral artery was a-method 
suitable for clinical use in the examination of 
patients with possible stenosis of the aortic 
valves. 


METHOD 
The patient lies on his back and under local anes- 


thesia the brachial artery at the bend of the elbow is\ 


exposed by a small transverse skin incision, splitting 
the lacertus fibrosus if necessary. After a specimen of 
arterial blood has been taken, the puncture in the ar- 
terial wall is held open with a narrow vein hook and 
a thin Cournand catheter (5 or 6F.) is inserted into 
the lumen and directed proximally. The catheter is 
irrigated with a dilute solution of heparin, pushed 
into the ascending aorta and followed radiographi- 
cally. Turning the left shoulder of the patient a little 
forward causes the catheter in the ascending aorta 
to be more visible. 

Watching the tracing on the cardioscope, the 
examiner moves the catheter to and fro at the level 
of the aortic valves until it slips into the left ventricle. 
Its arrival there is shown by the appearance of the 
left ventricular pressure tracing. During withdrawal 
of the catheter a record is made of the pressures in the 
left ventricle and ascending aorta. At the end of the 
examination the opening in the brachial artery is 
closed with an atraumatic silk suture, No. 5-0. It is 
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Fic. 1. 
ventricle into ascending aorta. 
gradient 15 mm. Hg. 


Aortic stenosis: Catheter withdrawn from left 
Aortic systolic pressure 


i 
+ 
+ 
+ 
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4 


Note the pulsus alter- 


pressure gradient 130 mm. Hg. 
Diagnosis 


nans in the left ventricular tracing (left). 
confirmed at operation under hypothermia. 


made easier by applying a sphygmomanometer. If 
there is a gradient between the systolic pressures of 
the left ventricle and the aorta, the size of the func- 
tional aortic valve ostium may be estimated with the 
Gorlin and Gorlin formula;* as the right heart is 
catheterized at the same time and the cardiac output 
is calculated. 


RESULTS 


With this method 150 patients were examined 
from May 1955 to July 1958 (Table I). In 
113 cases (75.3 per cent) the catheter reached 
the left ventricle; in thirty-seven cases it was 
not possible to pass the aortic valves. In the 
one hundred thirteen successful cases the fol- 
lowing were noted: (1) No gradient was found 
at the aortic ostium forty-six times. There- 
fore, there was either no stenosis at all or the 
damage to the aortic valves was so slight that 
no hemodynamic effect could be measured 
under basal conditions. (2) A systolic gradient 
of 5 to 25 mm. Hg was measured forty-seven 
times. These were regarded as patients with a 
moderate degree of aortic stenosis which did not 
come within the scope of surgical treatment 
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(Fig. 1). (3) Twenty times a gradient of 30 to 
150 mm. Hg was measured which was taken to 
indicate severe aortic stenosis. These patients 
were all treated surgically (Figs. 2 and 3). 

As stated before, we did not succeed in esti- 
mating the severity of the stenosis in thirty- 
seven cases. We concluded on other grounds 
that ten of them had severe stenosis; these 
patients were also treated surgically and our 
suspicions were confirmed at operation. 

The percentage of successful catheterizations 


increased with our experience (Table II). 
In the first group of forty patients’ we suc- 
ceeded in measuring the left ventricular pressure 


in twenty-five or 62 per cent. In the second 
group of 110 patients we were successful in 
eighty-eight or 80 per cent. 


COMPLICATIONS 


In our series of 150 patients there were no 
serious complications that could be ascribed 
to the examination itself. 
tality. The route via the brachial artery in- 
volves no risk of a disturbance to the circulation 
in the forearm because of the extensive network 
of collaterals—the so-called rete articulare 
cubiti. 

To avoid damage we always use smaller 
catheters than the lumen of the vessel allows. 
In this manner we also avoid arterial spasm 
which is difficult to suppress with drugs. Thus, 
the manipulation with the catheter is made 
easy. The radial artery remained palpable 
at the wrist except in four cases. Nevertheless, 
these patients had no disturbance of the cir- 
culation in the forearm. Only once did a 
knot appear in the catheter, following which the 
catheter could be removed from the artery 
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Moderate valvular stenosis: Systolic pressure gradient 55 mm. Hg. Diagnosis confirmed at operation. 


with caution. Disturbances of cardiac rhythm 
rarely occurred; this suggested that such dis- 
turbances arise less frequently during retro- 
grade catheterization of the left ventricle than 
during catheterization of the right ventricle. 
We did not see embolic phenomena in the 
brain or elsewhere, e.g., detachment of calci- 
fications of the aortic valves. On some oc-’ 
casions the catheter entered a coronary artery. 
This was proved by x-ray examination; the 
catheter was well inside the shadow of the left 
ventricle and at the same time no left ventricular 
pressure was visible on the tracing. When this 
occurred, we never found alterations suggestive 
of myocardial infarction in the electrocardio- 


gram. 


COMMENTS 


Zimmerman et al.,* who tried retrograde 
catheterization in 1949, used the left ulnar 
artery as the route of approach. In five 
patients with normal aortic valves they did not 
succeed in catheterizing the left ventricle. 
They were successful, however, in eleven pa- 
tients with syphilitic aortic insufficiency. In 
their opinion the catheter could not pass through 
normal valves because of the short ejection 
period of the left ventricle. One patient with 
rheumatic aortic insufficiency died from ven- 
tricular fibrillation. At autopsy, however, no 
traumatic damage was found either in the aorta, 
the coronary arteries or in the left ventricle. 
In another patient, who died four days after 
examination, no lesions due to the procedure 


_ were discovered at the postmortem examination. 


Lason et al.!° first tried retrograde left 
ventricular catheterization in dogs and showed 
its harmlessness. They then reported success 


Retrograde Catheterization of Left Ventricle 917 bere 
| 
= 
| 
{-4 
| 
a 
| 
| 


Griindemann et al. 


Fic. 4. Subvalvular aortic stenosis: While the catheter is in the infundibulum (midportion of curve) the systolic 


pressure is the same as in the aorta (right) and the diastolic pressure is the same as in the left ventricle (left). 


At trans- 


aortic operation under hypothermia a diaphragm was found 1 cm. under the normal aortic valves. 


in seventeen patients, none of whom showed 
complications. They recorded both intra- 
cavitary pressures and_ electrocardiograms. 
Wilder et al." carried out tests with direct 
angiocardiography of the left ventricle. In 
twenty dogs the aortic valves were easily 
passed by the catheter. They concluded that 


the injection of contrast material into the left 
ventricle by way of retrograde catheterization 
was apparently safer than by way of direct 


puncture of the left ventricle. 

Although results of retrograde catheteriza- 
tion as recorded in the literature were not un- 
favorable, the general opinion seems to be that 
this method is impractical and even dangerous. 
From our experience with 150 patients it appears 
that the risk is very small. There is an 80 per 
cent chance of reaching the left ventricle. 
The simplicity of the method is its chief ad- 
vantage; it can be carried out simultaneously 


with catheterization of the right heart and 


through the same skin incision. 

We prefer to do retrograde catheterization 
using the right arm, because the catheter passes 
more easily into the ascending aorta through 
the innominate artery than through the left 
subclavian artery. It is possible to do this 
catheterization using the left arm, but the 
chances of failure are much greater as the 
catheter sometimes keeps going into the descend- 
ing aorta. In our clinic, therefore, the routine 
procedure is to do catheterization of the right 
heart through the right arm if exploration of 
the left heart is contemplated, e.g., in the study 
of patients with mitral stenosis when it is often 
important to measure the diastolic pressure in 
the left ventricle. 


In patients with severe aortic stenosis we 
succeeded in reaching the left ventricle in only 
66 per cent of the cases. In studying patients 
with aortic stenosis, however, it is always nec- 
essary to introduce a catheter into the. ascending 
aorta in order to measure the gradient. There 
may be unpredictable differences in the systolic 


‘pressures between a peripheral artery and as- 


cending aorta. It seems logical to attempt first 
to pass the aortic catheter through the aortic 
valve; the left ventricular pressure can then be 
assessed without further intervention. In case 
of failure other methods for reaching the left 
ventricle may be tried if it should be necessary 
to know the differences in systolic pressure be- 
tween the ascending aorta and the left ventricle. 

Another advantage of retrograde catheteriza- 
tion is that the existence of subvalvular aortic 
stenosis can be proved before operation. This 
happened three times in our series and the 
diagnosis of subvalvular aortic stenosis was 
confirmed at operation (Fig. 4). In our series 
of 150 patients there was one who showed the 
clinical picture of aortic stenosis and in whom 
supravalvular aortic stenosis was believed to 
exist from the findings at left heart catheteriza- 
tion.2> This diagnosis was confirmed at tho- 
racotomy. 


SUMMARY 


In 150 patients suspected of having aortic 
stenosis, retrograde catheterization of the left 
ventricle through the right brachial artery 
at the bend of the elbow was attempted. In 
patients with severe aortic stenosis we succeeded 
in reaching the left ventricle in 66 per cent of 
the cases; this percentage rose to 77 per cent 
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in patients who had only a slight stenosis or none 
at all. 
catheterization of the right heart under the 
same basal conditions and with simultaneous 
determination of the cardiac output. 
the size of the functional aortic valve ostium 
could be measured with the aid of the Gorlin 
and Gorlin formula. 
mortality ; 
ances of the circulation in the forearm need 
not be feared. 


The examination was combined with 


Thus, 


In our series there was no 
cardiac complications or disturb- 
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An Electrocardiographic Study of High 
Take-Off of the R(R’)-T Segment in 


Right Precordial Leads 


EPOLARIZATION of the heart muscle restores 
R the transmembrane potential to a normal 
resting level. In the electrocardiogram re- 
polarization starts immediately after the in- 
itial deflection has ended and is represented by 
the R(S)-T segment. This segment is very 
frequently exactly at the zero level. Slight 
R(S)-T segment deviations do occur in the 
presence of a perfectly normal cardiac status. 
With respect to the chest leads this has been 
found to affect mostly the mid- and left-sided 
leads; the shape is concave upward terminating 
in a high positive and peaked T wave. This 
finding is commonly referred to as a physiologic 
variant; there is a fairly extensive literature 
available on this topic (newer references are 
Bedford and Thomas,! Chelton and Burchell’). 
However, physical characteristics of the am- 
plifying type of electrocardiograph (top of the 
upper frequency limit) may play a role; in a 
study in which two types of electrocardiographic 
machines are used, the incidence of elevated 
and arched S-T segments was found to be 0.29 
and 24.3 per cent, respectively.* 

This study refers to a particular pattern that 
is essentially characterized by an elevation of the 
R-T segment in the right precordial leads. 
It has been described before as a pattern 
simulating acute myocardial injury’, as a 
probably normal variant,> and as a finding 
without definite evidence of organic heart 
disease.6 These authors demonstrated the 
absence of heart disease in their patients. 


CAsE REPORTS 


Case 1. 


This white man, age forty-six years, had 


Altered Repolarization* 


Huco ROogs.er, M.D. 


Philadelphia Pennsylvania 


* From the Temple University Medical Center, Philadelphia, Pennsylvania. 
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a bleeding duodenal ulcer for which surgery was being 
considered. His effort capacity had been good. 
No abnormality was noted with respect to the chest, 
heart and blood pressure. The hemoglobin was 
11.5 gm. per cent. The electrocardiogram is shown 
in Figure 1. ‘The patient improved on medical man- 
agement and was feeling well three years later. 


Case 2. This white woman, age thirty-seven years, 
had a routine electrocardiogram prior to an oper- 
ation for cholelithiasis. Her effort capacity was 
satisfactory. She was tense and anxious and obsessed 
with thoughts about heart disease. Nothing of sig- 
nificance was noted with respect to chest, heart and 
blood pressure. A number of laboratory studies were 
normal except for the calcium level which, when 
determined at a time when the patient was icteric, 
was reported as 8.7 mg. percent. ‘Two electrocardio- 
grams taken at an interval of three months are shown 
in Figure 2. Another record taken three years later 
was identical. 


Case 3. This white man was observed from age 
thirty-five to forty-five years. He was first seen 
because a physician had mentioned to him the pos- 
sibility of an ‘‘athlete’s heart.” This caused concern 
to the patient and when climbing stairs, transient 
pains developed under the left clavicular area. His 
effort capacity had been good. He was emotionally 
tense. Nothing of significance was noted with respect 
to chest, heart, blood pressure and laboratory data. 
The patient continued to be in good general health, 
exhibited good effort capacity and ten years later 
the status of the heart and blood pressure had re- 
mained unchanged. Four electrocardiograms were 
taken; two are shown in Figure 3. 


Case 4. This white man was observed from age 
fifty-six to fifty-nine years. He had been treated for 
duodenal ulcer previously. His blood pressure had 
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Fic. 1. Case 1. 


The width of the initial deflection does not exceed 0.11 second, 


the intrinsicoid deflection, as measured in V2, is 0.04 second, and it is the same 


for 


There is an R’ in Vi, V2 and aVR; there isnoSintand Vs. J is 


slightly depressed in n, m1, aVR and V6, and slightly elevated at aVR. R-T 
is elevated in V; to V; with a saddle-like deformity in the former two leads; 
R-T is also elevated in aVL. T is negative in V; and V2 and diphasic in aVL. 
Q-T measures 0.37 second in nu, the upper limit of normal for a rate of 83/ 


minute being 0.368 second. 


Fic. 2. Case 2. The findings obtained fifteen months apart were similar. The width of the initial deflection does 
not exceed 0.11 second, the intrinsicoid deflection, as measured in V2 and Vg, is 0.03 second. There is an R’ in Vj, 


V. and aVR, and there is a minimal S in1 and V¢. 


R-T is elevated in V; to V3; and this is more evident in leads taken 


at a higher level, the elevation extending to position 4. T is negative in V; and V2 and in high V; to V3. Q-T 
measures 0.40 second in u, the upper limit of normal for a rate of 71/minute being 0.403 second. 


been normal. Two electrocardiograms taken at 
another hospital when the patient was forty-nine 
years old were identical and were reported as show- 
ing intraventricular conduction defect, with involve- 
ment of the posterior wall of the left ventricle. His 
effort capacity had been good. An electrocardio- 
gram was taken on admission to the hospital because 
of nausea and drowsiness. There had been no chest 
pain. Examination of chest, heart and blood pres- 
sure revealed nothing of significance and the labora- 
tory data were normal. Because of the abnormal 
features of the electrocardiogram, cardiac infarction 
was suspected and the patient was given an anti- 
coagulant (Hedulin®). The possibility that the 
abnormal electrocardiographic findings might be 
secondary to an acute cerebral injury was mentioned. 
Anticoagulant therapy then was stopped. An 
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electroencephalogram suggested subcortical involve- 
ment. Neurologic signs had become more marked 
and the diagnosis was partial thrombosis of the left 
middle cerebral artery. The patient recovered and 
remained active, showing good effort capacity and 
normal findings with respect to heart and blood pres- 
sure. Three of eight electrocardiographic studies 
done in the course of three years are shown in 
Figure 4. 


Case 5. This Negro man, age forty-two years, had 
an electrocardiographic study because of chest pain. 
His effort capacity had been good. For a period of 
several days he had had lack of appetite, upper ab- 
dominal pain and a few episodes of vomiting. Then 
a sharp painful sensation appeared below the left 
nipple area and over the precordium; there was no 
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Fic. 3. Case 3. The findings obtained ten years apart are essentially the same. P is slightly notched. The width 
of the initial deflection is 0.11 second; the intrinsicoid deflection as measured in V2 is 0.03 second. There is an R’ 
in V;, V2 and aVR, and there is an S in 1 and V¢. and V;. J is depressed in m. R-T is elevated in V; to V; and 
slightly in V4; it is elevated in high V, to V; with a suggestive step like deformity in several of the leads. R-T is 
elevated in1 and aVL._ T is negative in V, and V2, in high V,; to V, and in aVL. Q-T measures 0.34 second in 
11, the upper limit of normal for a rate of 78/minute being 0.38 second. 


Fic. 4. Case 4. The findings obtained at intervals of two weeks and of three years and four months, respectively, 
are similar. The width of the initial deflection is 0.09 to 0.10 second; the intrinsicoid deflection as measured in V2 
is 0.02 second and is 0.03 second for Vs. There is an R’ in V;, V2 and aVR, and there is a small Sint and Vz. J is 
depressed in m1 and aVF. R-T is elevated in V; to V; and in high V; to V3, with a suggestive saddle or step like de- 
formity in several of the leads. R-T is also elevated in aVL. T is negative in Vi, slightly so in V2, and negative in 
high V; to V3. Q-T measures 0.44 second in m, the upper limit of normal for a rate of 56/minute being 0.433 sec. 


substernal location, no radiation and no aggravation rate was 23 mm./hour. Five electrocardiograms 
by breathing. No abnormalities were noted with were recorded in the course of nine days; two are 
respect to the chest, heart and blood pressure. There shown in Figure 5. The patient was well subse- 
was no fever or leukocytosis and the sedimentation quently. 
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Fic. 5. Case 5. The findings obtained four days apart are nearly identical. The width of the 
initial deflection does not exceed 0.11 second, the intrinsicoid deflection as measured in V»2 is 0.02 
second and it is 0.04 second in Vy. There is a minimal R’ in V:,V2, none in aVR, and no Sint and 
V.. J is slightly depressed in m1. R-T is elevated across the whole precordium, more so over the 
right side, showing a peculiar straight shape. R-T is also slightly elevated in 1 and aVL and there 
is a minimal depression of it in m1 and aVF._ T is positive across the precordium with its second 
limb showing a steep descent and there is a minimal secondary negative dip in V,, V; and V2. 
Q-T measures 0.40 second in u, the upper limit of normal for a heart rate of 65/minute being 0.41 


sec. 


Case 6. This Negro man, age forty-seven years, 
had a routine electrocardiogram taken, having been 
hospitalized for sycosis and alopecia. The effort 
capacity was good. Nothing of significance was noted 
with respect to the chest, heart and blood pressure. 
The laboratory studies also revealed nothing signif- 
icant. Two electrocardiograms were recorded in a 
two month interval and are shown in Figure 6. 


Case 7. This white woman was observed from the 
age of forty-five to forty-nine and a half years. Four 
years prior to the first examination she was studied in 
a hospital and mention was made of an abnormal 
electrocardiogram. Her effort capacity was fair. 
She was first seen prior to operation for removal of a 
rectal polyp. She was highly neurotic and anxious 
and offered a multitude of complaints. The chest 
wall was thin, the heart was not enlarged and the 
sounds were normal. Radiologically, the waistline 
was slightly full, the left atrium was not prom- 
inent posteriorly and the over-all size of the heart 
was normal. The blood pressure was low normal. 
Laboratory studies revealed normal findings except 
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for a flat glucose tolerance curve; the serum calcium 
level was 9.2 my. per cent. 

On repeated follow-up examinations gradual 
changes were observed with respect to the heart: 
first, the appearance of premature beats of atrial 
origin; later, the first apical sound became loud and 
snappy in character; then she complained of pound- 
ing and irregular heart action; atrial flutter had 
developed that was changed to atrial fibrillation by 
means of digitalis medication and to sinus rhythm 
by means of quinidine medication. Subsequently, her 
effort capacity diminished; the second apical sound 
became reduplicated and at times one could hear a 
minimal diastolic rumble; the lower sternum became 
somewhat dull to percussion. Radiologically, the 
heart was now moderately enlarged, showing a 
typical mitral configuration; the left atrium was 
prominent posteriorly and there was no evidence for 
pulmonary congestion. A minor degree of right-sided 
congestive failure finally appeared and there was 
a double liver pulse. The diagnostic impression 
following cardiac catheterization and angiocardi- 
ography was tricuspid stenosis and questionable mitral 
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Fic. 6. Case 6. The findings obtained two months apart are essentially the same. 


+ 


The width 


of the initial deflection is 0.09 to 0.10 second, the intrinsicoid deflection, as measured in V2 and Vg, 
is 0.02 second. There is a minimal R’ in V,; and V2, none in aVR, and there is no S in 1 and V,. 


The voltage is increased in a number of leads. 


R-T is elevated across the whole precordium, 


more so over the right side, revealing a peculiar straight shape R-T is also slightly elevated in 1. 


T is positive across the precordium with its second limb showing a steep descent. 


Q-T measures 


0.36 second in 1, the upper limit of normal for a rate of 71/minute being 0.392 second. 


stenosis. Many electrocardiograms were taken dur- 
ing the observation period of four and one half years; 
two are shown in Figure 7. Digitalis had not been 
used at that time. Chest leads taken at a higher level 
are not shown. 


Case 8. This white man, a physician, was observed 
from the age of twenty-nine to forty-two years. His 
health in the past had been good. The family history 
revealed no diabetes, hypertension or angina. As 
an intern and resident he had had much respon- 
sibility and had overworked. He never had ex- 
perienced angina of effort. One day, feeling quite 
fatigued, he experienced precordial pain associated 
with weakness and nausea of fifteen minutes’ duration. 
The heart was not enlarged and an aortic systolic 
murmur of minor intensity was noted. The blood 
pressure was normal. The weight was 134 pounds. 
Laboratory studies were noncontributory, the cho- 


lesterol level was normal and the calcium level was 
10.6 mg. per cent. The patient was seen several 
times subsequently with no new developments or 
findings. 

One day, while in the Army, precordial pain of about 
five minutes’ duration developed without any preced- 
ingeffort. The pain radiated to the left shoulder and 
for the next two and a half days a precordial pressure 
sensation remained. The temperature did not exceed 
99°F., there was no leukocytosis and the sedimentation 
rate was 12 mm/hour. The murmur mentioned 
previously was noted again. Three electrocardio- 
grams were taken; first the diagnosis of acute peri- 
carditis was made and subsequently that of acute 
coronary insufficiency. (Inspection of these three 
graphs revealed them to be identical with previous 
tracings made by the author.) The problem was 
reviewed by several Army medical review boards. 
Temporary retirement on the basis of an old cardiac 
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Fic. 7. Case7. Pis prominent inn, 11,aVF,V,and V2. The width of the initial deflection is 0.08 second; 
the intrinsicoid deflection, as measured in V2, is 0.02 second and it is 0.04 second in Vs. There is a small R’ 
in V;, Vz and aVR, and there is a minimal S ini and V.. The voltage is increased in a number of leads. 
R-T is elevated in V; and V2 and slightly so in V; and aVR. R-T is depressed in 1, 1, m1, aVF, V; and Vs. 
T is negative in V; to V4, diphasic in V; and V¢, generally of low voltage in the limb leads. Q-T measures 0.50 
second in 11, the upper limit of normal for a rate of 68/minute being 0.417 sec. (A normal serum calcium 
level was present.) High chest leads (not shown) were identical with those taken at a regular level. This is 
the only case in the series revealing definite reciprocal behavior of the R(S)-T segments. 


lesion aggravated by 30 per cent, was instituted; pectoris with arteriosclerotic heart disease with 30 
a 50 per cent disability was declared. Later, retire- per cent disability. Three of several electrocardio- 
ment disability was discontinued but he was not to graphic studies are shown in Figure 8. 
return to the service. At no time was there angina 
of effort. He was professionally active. On being ANALYSIS 
fatigued he experienced slight outer precordial CLINICAL 
pressure. oe Seven of these eight patients were studied 

Re-examination ten years after the first examination more than once and the electrocardiographic 
findings were noted to be constant. None of 
blood pressure normal, the minimal aortic systolic ‘ : 

the patients had an anginal syndrome, none 


murmur unchanged and Ag: normal. Cholesterol 
again was normal; serum potassium was 4.2 mEq./L. had signs and/or symptoms referable to peri- 


and the serum sodium 140 mEq./L. The final carditis and none of them was hypertensive. 
diagnosis by the military medical board was angina Seven patients had normal heart size; one 
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Fic. 8. Case 8. The findings obtained at intervals of five and one-half and seven and one-half years are similar. P 


is notched in several leads but not widened. The width of the initial deflection is 0.09 to 0.10 second. 
deflection, as measured in Vs», is 0.02 second and it is 0.035 second in V¢. 
none in aVR;; there is no S in 1 and a minimal S in V¢, and V3. 


Vi and V». 
in high V; to V¢ and in tr. 
rate of 75/minute being 0.384 second. 


(Case 7) began with normal heart size but 
heart disease developed which resulted in 
cardiac enlargement. There were no murmurs 
in six patients, one had a minimal aortic 
systolic murmur that did not change in the 
course of thirteen years (Case 8) and in one 
abnormal auscultatory findings developed dur- 
ing the course of observation (Case 7). None of 
the patients had received cardiac drugs. The 
effort capacity was satisfactory in all patients 
except for one (Case 7) in whom a moderate 


The intrinsicoid 
There is practically no R’ in V; and V2, 
R-T is slightly elevated in V,; and V2 and in high 


T is negative in V,, V; and also in 1, 111, aVF, the voltage is low, and there is notching in V2 to Ve, 
It is positive in aVL. Q-T measures 0.44 second in 1, the upper limit of normal for a 
(A normal serum calcium level was present. ) 


degree of effort diminution gradually made its 
appearance. 

All patients were referred for cardiac evalua- 
tion for the following reasons: preoperative 
(Cases 1 and 2): skin lesion (Case 6): anxiety 
and compulsion, respectively (Cases 3 and 
7); acute cerebral lesion (Case 4); acute 
abdominal distress associated with pain in the 
left nipple area (Case 5); and overwork 
associated with precordial pain unrelated to 
effort (Case 8). 
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ELECTROCARDIOGRAPHIC 

All eight patients showed sinus rhythm with 
a rate varying from 56 to 83/minute. In one 
(Case 7) there was a transient disturbance of 
the atrial rhythm; this coincided with the 
development of valvular heart disease and only 
in this instance was the P deflection widened. 
P was notched in two other instances (Cases 3 
and 8). The P-R interval was normal in all 
instances. 

QRS Deflection: The width of the initial 
deflection varied from 0.08 to 0.11 second; 
significant Q deflections were not found; the 
voltage was noted to be moderately increased, 
at least in some of the leads, three times (Cases 
2, and 3, 4). The intrinsicoid deflection was 
measured for leads V2 and V6, respectively. 
(To do this for V, was not found suitable in 
several cases because of direct transition from 
R or R’ into R-T.) For V2 it measured 0.04 
second in one instance (Case 1) and 0.02 to 
0.03 second in the remaining seven cases; 
for V., it measured from 0.02 to 0.04 second. 
There were no S deflections in leads 1 and V¢ 
in three instances (Cases 1, 5 and 6); a very 
small S in1 and V, were noted in three instances 
(Cases 2, 7 and 8), while it was clearly present 
int and V, twice (Cases 3 and 4). Varying elec- 
trical positions were noted: semivertical (Cases 
5, 6 and 7), intermediate (Cases 1, 2 and 3), 
semihorizontal (Case 8), horizontal (Case 4); no 
particular correlations could be established. 

Elevated R-T Segment: The elevated R-T 
segment takes off over the right side of the 
precordium from a third portion of the initial 
deflection which presumably should be des- 
ignated as R’ (or r’). When R’ was present 
in V,, Ve and aVR, an S was usually noted in 
1 and Vz with one exception (Case 1). When 
R’ was minimal in V;, V2 and absent in aVR, 
S was absent in 1 and Vz, (Cases 5 and 6) or 
minimal in Vz (Case 8). 

Deviation of J in the limb leads was present 
in seven instances (except in Case 8) and 
deviations of R-T, in at least some of the chest 
leads, were present in all cases. Special high 
chest leads, taken at the level of the third rib, 
were obtained in five instances, in three of 
which the degree of deviation was more marked 
(Cases 2, 3 and 4) while it was about the same 
in two (Cases 7, not shown in illustration, and 
8). An upward displacement was always 
present over the right side of the precordium, 
affecting leads V; and V2 once (Case 8) and 
leads V2 to V3; five times (Cases 1, 2, 3, 4 and 7). 
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Once the elevation affected leads V; to V4 
(Case 5) and once leads V; to Vs (Case 6). 
A step or saddle-like deformity was clearly 
noted in Cases 1, 3 and 4, and a slow ascent, 
associated with a steep descent of T, was noted 
in Cases 5 and 6. A reciprocal behavior of the 
S-T segments for the right and left precordial 
areas, respectively, was present but once (Case 
7). 

T Wave: The T deflection in the limb leads 
was generally positive in seven of eight in- 
stances in leads 1, u and aVF; in aVL there 
were variations in directions with a definite 
negativity noted only once (Case 3) and here T 
negativity in the high chest leads extended to 
position V4. In the chest leads taken at the 
regular level, IT was diphasic in V, once, 
negative in V; and V2 in five cases, negative in 
V, to V3 in one instance. Case 5 revealed a 
positive direction of T across the whole pre- 
cordium and Case 6 from positions 2 to 6. In 
five cases additional high chest leads were taken: 
The findings were identical with those taken at 
the regular level in two instances (Cases 7 and 8) 
while in three instances (Case 2, 3 and 4) the 
negativity extended one or two positions further 
to the left and the degree of negativity then was 
always more marked. 

Q-T Interval: The length of the Q-T segment 
was measured for leads m1, Vi, V2 and Vg, in 
each case and compared with the predicted 
upper normal from a standard table. Normal 
findings were obtained five times (Cases 2 to 6); 
in one instance the upper limit was slightly 
exceeded (Case 1) while in two instances there 
was a prolongation of electrical systole (Cases 
7 and 8) with normal serum calcium levels. 


COMMENT 


The common feature in this electrocardio- 
graphic pattern is a high take-off of the R(R’)- 
T segment over the right precordium. It is 
constant. Its shape varies; it may descend 
and often has a hump or saddle-lil:e appearance; 
or it may be coved; in both instances it ends 
imperceptibly in a negative T deflection. Or it 
may ascend with a straight shape and then there 
is no significant T negativity. In some instances 
this elevation may extend, though gradually 
diminishing, considerably to the left. In leads 
taken at a higher level, the findings may be 
about the same, or the degree of the R(R’)-T 
elevation, of the T negativity and of the exten- 
sion toward the left side may be more marked. 
A reciprocal behavior of the R-T deviations on 
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the right and left sides was observed but once 
(Case 7). 

In the original description* comprising three 
cases, a right bundle branch block was con- 
sidered to be an essential part of the pattern. 
A newer nomenclature’ merely speaks of a delay 
in the excitation of the right ventricular free 
wall, causing the presence of a late secondary R 
deflection in the unipolar right arm and 
right chest leads. This often might be a 
physiologic variant. A secondary R deflection 
is easily diagnosed when the R-T segment takes 
off at the baseline but this becomes difficult 
when the R-T segment reveals a high take-off. 
Some of our graphs reveal no S deflections in 
leads 1 and Vs, and no R’ in aVg (Cases 
5, 6 and 8) and this would militate against the 
explanation of a delay in the excitation of the 
right ventricular free wall (right bundle branch 
block) in these cases. Furthermore, the width 
of the initial deflection in some of our graphs 
does not exceed 0.10 second (Cases 4, 6, 7 
and 8). 

As a matter of speculation it is assumed that 
this abnormal pattern is due to an unusually 
early onset of repolarization over the right and/ 
or right basal side of the heart, whereby the 
terminal portion of QRS becomes fused with the 
initial portion of the R(S)-T segment. 

Our -own observations as well as_ those 
available in the pertinent literature indicate 
that this electrocardiographic pattern is com- 
patible with otherwise perfectly normal car- 
diac findings; although, and as might be 
expected, heart disease may occasionally develop 
in the course of time (Edeiken® and our Case 7). 
In one patient, age seventy-nine years, the 
autopsy findings revealed neither cardiac en- 
largement nor evidence of a recent or past 


myocardial infarction (Stein and Weinstein, 


Case 5). 

Knowledge of this electrocardiographic pat- 
tern is of practical importance. It being rare 
in occurrence, its “‘innocence’’? may not be 


appreciated; acute myocardial injury may be 
diagnosed, particularly when the clinical picture 
includes what might simulate one of the many 
varieties of angina. Our Cases 4 and 8 furnish 
such examples. The stability of this pattern 
will be revealed by serial studies. 


SUMMARY 


An abnormal electrocardiographic pattern 
of altered repolarization is described in eight 
cases. The common finding is an elevation of 
the R(R’)-T segment over the right side of the 
precordium, with varying shapes and with 
varying degrees of extension to the left. While 
some degree of delay in the excitation of the 
right ventricular free wall is frequently noted, 
this is not always the case. The abnormal 
findings are constant and they are associated 
with a normal morphologic and functional 
status of the heart. The abnormal electro- 
cardiographic finding may be misinterpreted 
as evidence for acute myocardial injury. 
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Gout Simulating Cardiac Pain’ 


MENAHEM FRANK, M.D., ANDR& De Vries, M.D. and ABRAHAM ATSMON, M.D. 


HEST pain is a symptom of several disorders 

related to organs of the chest, the chest 
wall itself or the abdomen. The recognition 
of the cause of chest pain and the differential 
diagnosis of that simulating coronary disease 
may present considerable difficulty. In the 
present study the authors wish to draw attention 
to attacks of chest pain of noncardiac origin 
which may occur in patients with gout, and 
are often erroneously diagnosed as “angina 
pectoris” or “myocardial infarction.” Chest 
pain simulating cardiac pain is not mentioned 
among the symptoms of gout in current medical 
books and monographs on gout, and gout is 
usually not considered in the differential 
diagnosis of cardiac pain. 

To our knowledge, the first to describe chest 
pain simulating angina pectoris in a patient 
with gouty arthritis was Libman!' in 1934. 
After having suffered from ‘angina pectoris” 
for a number of years, the patient was cured by 
a dietary regimen for the treatment of gout. 
Referring to Libman’s case, Miller? in his 
comprehensive monograph on angina pectoris 
mentions gout in the differential diagnosis of 
cardiac pain. 

In recent years various investigators have 
tried to establish a relationship between hyper- 
uricemia and coronary disease*;4 and have 
pointed out the advisability of administering 
probenecid as prophylactic treatment for cor- 
onary disease in hyperuricemic individuals.® 
The possibility that Dicumarol might have a 
beneficial effect through its uricosuric action 
in the treatment of coronary disease has been 
considered.®,7 A significant incidence of cor- 
onary heart disease,*,* an increased “athero- 
genic” lipoprotein index® and uric acid deposits 
in the intima of sclerotic coronary arteries” 
have been reported in patients with gout. 

Therefore, while these studies may indicate 
a tendency for coronary heart disease to develop 
in patients with hyperuricemia and gout, it 
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should be emphasized that patients with gout 
frequently complain of chest pain which is not 
of cardiac origin. Recognition of noncardiac 
chest pain in patients with gout and its dif- 
ferentiation from pain due to coronary disease is 
important because it implies different prognosis 
and therapy. Furthermore, knowledge and rec- 
ognition of this symptom may well reduce the 
high incidence of coronary disease in patients 
with gout. 


CLINICAL OBSERVATIONS 


In our series of thirty-two patients with 
primary gout, all had a definite clinical and 
laboratory diagnosis (hyperuricemia on one or 
more occasions), seventeen complained of 
chest pain, two of them in their past history 
only and fifteen while under observation. 
Eight of these patients were admitted to other 
hospitals or to our department because of 
chest pain while ‘nine were sent because of 
gouty arthritis or uric acid kidney stones. 
Three of the seventeen patients had myocardial 
infarction on admission and two had angina 
pectoris. 

Twelve of these seventeen patients with gout 
had no evidence of coronary disease and their 
chest pain was diagnosed as being a symptom of 
gout and not related to the heart. In seven 
of these twelve patients suffering from non- 
cardiac chest pain, angina pectoris or myo- 
cardial infarction had been diagnosed previously 
in various medical departments including our 
own. 

Character of Chest Pain: By securing an 
accurate history and carefully observing these 
patients a varying clinical picture was revealed. 
The patients had attacks of severe pain in the 
anterior area of the chest, mostly in the pre- 
cordium but sometimes on the right, frequently 
located over a large surface, rarely limited to a 
small region and in ‘no case radiating to the 
shoulders, arms, throat, jaws or back. The 
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pain was knifelike, rarely dull, superficial, not 
constricting, pressing, cramping or burning, 
and not accompanied by fear, sweating or weak- 
ness. In most instances the pain had a gradual 
onset, slowly increasing in intensity and reach- 
ing a climax after a few hours. Only in some 
instances was the onset sudden, but it did at 
times awaken the patient at night. The 
duration of pain varied, lasting from a few 
minutes to a few days, even as long as five days 
in one patient. The intensity of the pain often 
varied during an attack, sometimes waxing and 
waning. The pain generally was not in- 
fluenced, by -respiration (except in one case) 
or by position. Only one patient was more 
comfortable when lying on his right side. 

None of the patients could relate the pain to 
exertion, exgitement, exposure to cold or 
ingestion .of.a meal. In three patients, the 
attack appeared one to three days after a period 
of excessive eating and drinking. In none 
did the pain disappear after a short rest nor 
was it relieved by the administration of nitro- 
glycerin. It could not be ascertained whether 
salicylates taken, at home were effective. The 
pain in all patients, not treated by colchicine 
terminated gradually, never suddenly.  Ef- 
fectiyeness of, treatment with colchicine is 
characteristic and diagnostic. 

The first attack of chest pain coincided with 
the first attack of gouty arthritis in four patients. 


In,-the others the arthritis had preceded the 


first attack of chest pain by periods varying 
from two to twenty-two years. None of the 
patients thus far observed remembered having 
had attacks of chest pain before the appearance 
of gouty arthritis. 

Physical Findings: Examination of the patients 


during or after the attacks of chest pain was | 


nonrevealing, ‘except for the association with 
acute arthritis or tophi (four patients) and, in 


five patients, tenderness .of the chest at the 


location of: the pain..; Three patients had 
tenderness of the costosternal junction of one or 
more left ribs and one patient of a right rib. 
Only in,one patient were there tender cir- 
cumscribed swellings of the costosternal and 
sternoclavicular junctions which disappeared 
a few days after the termination of. the pain. 
In this patient the attack was associated with a 
rise of temperature to 39°c. while-in all others 
the temperature remained normal or subfebrile. 
The pain .was not accompanied by tachycardia 
or fall in blood pressure. 


Laboratory Findings: ‘The ‘electrocardiogram 


was normal in eleven of the twelve patients 
both during and after the attack. Only one 
had a positive Master’s tolerance test. In two 
patients the levels of serum transaminase was 
found normal during the attack. All twelve pa- 
tients had hyperuricemia on one or more 
occasions, ranging from 5.8 to 12.5 mg. per 
cent (upper limit of normal in our laboratory 
is 5.4 mg. per cent). The attacks generally 
were not associated with an additional rise of 
serum uric acid, nor could the severity, duration 
or frequency of the chest pain be correlated 
with levels of serum uric acid. The serum 
cholesterol varied from 175 to 250 mg. per 
cent in eleven patients and only in one did it 
reach 333 mg. per cent. 

Effect of Therapy: Treatment of the acute 
attack of chest pain with colchicine (dosage as 
in gout) was effective in all six patients to whom 
it was administered, the pain disappearing 
within four to twenty-four hours. Prolonged 
treatment with probenecid prevented further 
attacks in five patients in whom the follow-up 
period was sufficiently long for evaluation. 


CaAsE REPORTS 


Case 1. A forty-eight year old male office worker 
was admitted to the Medical Department on April 3, 
1956 with an attack of severe pain, swelling and red- 
ness of the metatarsal-phalangeal joint of his right 
great toe. In the past he had suffered from three 


similar attacks, each lasting for one to two weeks, 


the first of which occurred in 1946. He had no tophi 
or deformation of the joint. Roentgen examination 
of the hands and feet revealed nothing abnormal. 
His level of serum uric acid was 6.7 mg. per cent. 
Treatment with colchicine had to be interrupted 
because of diarrhea but the arthritis soon receded 
after the administration of cortisone. Probenecid 
was administered but discontinued by the patient 
after discharge. 

Since then, he has been admitted three times to. 
another hospital, twice with the tentative diagnosis 
of myocardial infarction and once with that of angina 
pectoris. On these occasions he had severe precordial 
pain lasting two or three days, but no clinical, labora- 
tory or electrocardiographic confirmation of myo- 
cardial infarction was obtained. On each admission 
he had an attack of gouty arthritis, apparently 
coinciding with the attack of chest pain, twice in the 
right toe and once in the right knee. He recollected 
that treatment with nitroglycerin was of no avail 
while both the joint pain and chest pain improved 
with the administration of colchicine. Probenecid 
had been prescribed but he had neglected to take it. 
In March 1958, he had an attack of left renal colic 
and passed a uric acid stone. 

He was readmitted to our department on March 18, 
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1959, with severe knifelike precordial pain which 
lasted many hours. There was slight tenderness of 
the third left rib at the chondro-osseal junction but no 
swelling was noted. He had no fever and the electro- 
cardiogram was normal. The pain was not relieved 
by the administration of nitroglycerin. He was 
given colchicine, 6 mg. over a twelve hour period, at 
the end of which time the pain had disappeared. 
The level of serum uric acid was 6 mg. per cent. 
He received probenecid (2 gm. per day), an alkalizing 
drug and 1 mg. of colchicine twice a week. He has 
been free from attacks since. 


Case 2. A seventy-two year old lawyer was seen 
at his home on March 5, 1959, because of precordial 
pain, acute swelling of the chest wall and a rise in 
temperature. In 1935 he had experienced an attack 
of severe pain, redness and swelling of the meta- 
tarsal-phalangeal joint of his right great toe follow- 
ing the ingestion of a lavish meal which included 
large portions of liver and kidney and excessive 
drinking. In the same year he had had six similar 
attacks. An elevated level of serum uric acid was 
found, and he was treated for gout with the adminis- 
tration of Atophan and colchicine. In 1946 he had 
an attack of severe pain in the left side of the 
chest, initially diagnosed as due to myocardial in- 
farction. However, this diagnosis was not con- 
firmed. The pain gradually declined in intensity 
and disappeared after four days. 

In February 1959 he again suffered an attack of 
severe precordial pain, this time after having de- 
voted his vacation to large meals and much alcohol. 
The next day his temperature rose to 39°c., the pain 
continued unabated for three days and then de- 
clined gradually. The electrocardiogram did not 
show evidence of myocardial infarction. 

At the present examination he had severe pain in 
both the lower and upper regions of the left side of 
the chest, accompanied by circumscript swelling of 
the medial part of the left clavicle, the costosternal 
junctions of the tenth and eleventh left ribs and the 
third rib about 10 cm. from the midsternal line. The 
areas of swelling were red, warm and extremely 
tender. The pain was aggravated by deep inspira- 
tion and did not respond to the administration of 
nitroglycerin or even to morphine. The electro- 
cardiogram was normal. The level of serum uric 
acid was 12 mg. per cent; the cholesterol, 243 mg. 
per cent. After about ten days, while he was being 
treated with phenylbutazone and salicylates, the 
pain and areas of swelling gradually disappeared. 


COMMENT 


The cause of the chest pain in gout is not 
known. Most likely it is caused by acute 
inflammation around a deposit of uric acid in 
the tissues of the chest wall, for instance in the 
cartilaginous or bony part of the ribs or the 
costosternal junctions. What triggers the acute 
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inflammation around a deposit of uric acid is 
not known, as is the case for gouty arthritis in 
general, there being no certainty that each 
attack represents additional deposition of uric 
acid. Objective evidence consistent with an 
acute inflammatory reaction underlying the 
chest pain was found in only one patient who 
showed marked areas of swelling near the costal 
cartilages at the exact location of his pain. 

Differential Diagnosis of Gouty Pain and Coronary 
Pain: As the marked efficacy of the acute 
and long term treatment makes a correct 
diagnosis of this type of chest pain important, it is 
worth while to summarize the features which 
differentiate it from pain due to coronary 
disease such as angina pectoris, the variant 
form of angina pectoris described by Prinzmetal 
and associates and myocardial infarction: 
(1) knifelike type of pain, not constricting or 
oppressing, sometimes sharply localized, gen- 
erally not radiating; (2) absence of fear or 
sweating; (3) pain not related to exertion, 
cold, excitement or an immediately preceding 
meal; sometimes the pain is related to periods 
of excessive eating and drinking; (4) prolonged 
duration of pain without electrocardiographic 
changes and without clinical or biochemical 
evidence of myocardial infarction; (5) episodes 
often associated with acute attacks of gouty 
arthritis and hyperuricemia or in patients with a 
history of gouty arthritis; (6) recurring episodes 
for many years without the occurrence of 
myocardial infarction; (7) possible local tender- 
ness with swelling at location of pain rarely 
present; (8) treatment with nitrites are not 
effective, while the administration of colchicine 
is often helpful; prevention by long term treat- 
ment with probenecid. 

Differentiation from Tietze's Syndrome: Alertness 
to noncardiac chest pain in gout may be 
important in the differential diagnosis of 
Tietze’s syndrome. In Tietze’s syndrome, how- 
ever, local swelling of the chest is a constant 
feature,'® while it rarely accompanies chest pain 
caused by gout. Moreover, the swelling and 
pain of Tietze’s syndrome are mostly, although 
not exclusively, located at the upper ribs and 
the swelling may persist for weeks, months and 
even years. Finally, it may be presumed that 
in Tietze’s syndrome the administration of 
colchicine would not be effective. It is note- 
worthy, however, that de Haas'* (quoted by 
Kayser!) found the “serum uric acid levels of 
the patients with Tietze’s syndrome on the high 
side”’ and it may be worth while to reconsider 
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the cause and therapy for pain and swelling 
of the chest in such patients, in the light of the 
presently described symptoms of gout. 


SUMMARY 


Attacks of chest pain of noncardiac origin 
were not infrequent in the patients with gout and 
often this condition has been diagnosed er- 
roneously as angina pectoris or myocardial 
infarction. The pain is related to the chest 
wall and is probably due to involvement of the 
cartilaginous or bony parts of the ribs or of the 
costosternal junctions by the deposits of uric 
acid. 

The pain has distinct clinical features dis- 
tinguishing it from cardiac pain. It is not 
relieved by nitrites while it is alleviated by 
colchicine. The attacks may be prevented by 
long term treatment with probenecid. 

Gout must be considered in the differential 
diagnosis of chest pain, especially chest pain 
attributed to coronary disease and Tietze’s 
syndrome. 
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Eight-Hourly Prothrombin Responses after 


Induction Dose of Coumadin 
(Warfarin) Sodium’ 


HaroLp BARKER, M.D., F.A.Cc.c. and R. RANGEL, M.D. 
Cleveland, Ohio 


S THE EXPERIENCE with bishydroxycoumarin 
(Dicumarol®) has widened, several draw- 
backs to its general use have come to light so 
that now it has, to some extent, been replaced by 
other anticoagulants, particularly its congener,' 
warfarin (Coumadin®) sodium. One of the 
disadvantages of Dicumarol is its slowness of 
action, namely, a delay in the onset of hypopro- 
thrombinemia ‘so that therapeutically effective 
levels may not be achieved for as long as ninety- 
six hours following the initial dose. Since the 
clinical value of -an anticoagulant may be 
considered a reflection of its capabilities in both 
the early establishment of protective cover as 
well as its duration, we wished to assess the 
usefulness of Coumadin with respect to these 
characteristics. 

This report is based upon our experience with 
Coumadin (warfarin) sodium administered to 
twenty-five patients requiring anticoagulant 
therapy. 


METHODS AND MATERIAL 


Twenty-five patients were admitted to St. Alexis 
Hospital with the following diagnoses: twenty-two 
with acute myocardial infarction; two with acute 
thrombophlebitis and one with cerebral thrombosis. 
Each was given 75 mg. Coumadin orally after blood 
was first drawn for initial prothrombin time deter- 
minations. The oral route of administration was 
utilized since our patients were not vomiting and re- 
tained drugs given by mouth. Coumadin is ex- 
tremely soluble in water and appears to be absorbed 
directly from stomach and intestine. 

We wished to determine how soon after the adminis- 
tration of this single priming dose of Coumadin the 
following occurred: a change in prothrombinemia 
(as evidenced by a change in prothrombin time), the 
peak level of hypoprothrombinemia, the time of entry 
into the therapeutic range and the duration of thera- 


peutic range. We wished to determine, too, the per- 
sistence of levels of hypoprothrombinemia which, 
though elevated, are below the generally accepted 
therapeutic range, i.e., suboptimal; the persistence 
of excessive levels of hypoprothrombinemia and inci- 
dence of bleeding, and the correlation between these 
latter two. 

In order to accomplish this we conducted pro- 
thrombin time determinations every eight hours by 
the Quick one stage method{ during the first ninety- 
six hours of each patient’s hospitalization. 

We consider therapeutic hypoprothrombinemia to 
be one and one-half to two and one-half times the con- 
trol prothrombin time, i.e., twenty-two to thirty-five 
seconds with a control time of fifteen seconds. 


RESULTS 


The pertinent information concerning the 
twenty-five patients studied is summarized 
graphically in Figure 1. Analysis of the data 
revealed the following significant points: 


Changes in Prothrombin Time during First Forty Hours: 
At 8 hours: The prothrombin time (PT) in eleven pa- 
tients was rising; one was in lower limits of thera- 
peutic range. At 76 hours: The PT in twenty-three 
patients was rising; two were now in therapeutic 
range; thirteen were now in suboptimal range of 19 
to, but not including, 22 seconds. At 24 hours: The 
PT in all twenty-five patients was rising; twenty-one 
were now in therapeutic range; two patients were in 
suboptimal range, 20 and 9 seconds, respectively. 
At 32 hours: The PT in twenty-four was now in 
therapeutic range; in one, no significant change in 
PT, though rising, was yet apparent. At 40 hours: 
The PT in all twenty-five was now in therapeutic 
range, including one who had not responded readily 
earlier. One patient showed a rapid spurt in PT 
from 25 seconds at 32 hours to 62 seconds at 40 hours 
when she was given 10 mg. K). 


+ Link-Shapiro modification using Simplastin.® 


* From the Department of Medicine, St. Alexis Hospital, Cleveland, Ohio. 
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Peak Level of Prothrombin Time: The time lag be- 
tween the oral administration of a single priming 
dose (75 mg.) of Coumadin and the attainment of 
maximum prothrombin time in each of twenty-five 
patients was as follows: At 76 hours, one patient (45 
seconds); at 24 hours, one patient (30 seconds); 
at 32 hours, two patients (43 and 44 seconds); at 40 
hours, eight patients (35, 30, 35, 32, 25, 30, 62, 38 
seconds); at 48 hours, five patients (30, 29, 34, 28, 
36 seconds); at 56 hours, six patients (26, 36, 38, 
30, 29, 36 seconds); at 64 hours, two patients (80, 43 
seconds). 

Maximum prothrombin time was attained in 76 
per cent of patients between 40 and 56 hours. In 
16 per cent of patients this maximum was reached in 
from 16 to 32 hours and in 8 per cent of patients in 64 
hours. 

Time of Entry into Therapeutic Range: The time lag 
between the oral administration of a single loading 
dose (75 mg.) of Coumadin and the entry of each of 
twenty-five patients into therapeutic range (22 to 35 
seconds) was as follows: 8 hours, one patient; 16 


hours, three patients; 40 hours, one patient. 

Twenty-one patients or 84 per cent were in thera- 
peutic range at the end of the first 24 hours following 
the administration of the initial dose of Coumadin; 
96 per cent at 32 hours and 100 per cent at 40 hours. 

Duration of Therapeutic Range: The duration of 
range of therapeutic hypoprothrombinemia in each 
of twenty-five patients was as follows: 24 hours, one 
patient; 48 hours, two patients; 56 hours, one pa- 
tient; 64 hours, two patients; 72 hours, three pa- 
tients; 80 hours, fourteen patients; 88 hours, one 
patient; 95 hours, one patient. 

In 82 per cent of patients the duration of thera- 
peutic range persisted for 48 to 88 hours; in 4 per 
cent for 24 hours and in another 4 per cent for 96 
hours. 

Persistence of Suboptimal Levels: The finding of levels 


hours, one patient; 24 hours, nineteen patients; 32 - 


HOURS POST ~- TREATMENT 
Summary of prothrombin responses in twenty-five cases. 


of hypoprothrombinemia which, though elevated, 
are not within therapeutic range, 1.e., suboptimal (19 
to, but not including, 22 seconds) was noted in each 
of the twenty-five patients: At 76 hours, thirteen sub- 
optimal; one in therapeutic range (4. per cent); 
eleven below suboptimal; at 24 hours, two subopti- 
mal; twenty-one in therapeutic range (84 per cent) ; 


. two below suboptimal; at 32 hours, twenty-four in 


therapeutic range (96 per cent); one below sub- 
optimal; at 40, 48, 56 hours, all in therapeutic range; 
at 64 hours, one suboptimal; twenty-four in thera- 
peutic range (96 percent) ; at 72 hours, twosuboptimal ; 
twenty-three in therapeutic range (92 per cent); at 
80 hours, two suboptimal; twenty-two in range (88 
per cent); one below suboptimal; at 88 hours, four 
suboptimal; nineteen in range (76 per cent); two 
below suboptimal; at 96 hours, five suboptimal; eight- 
een in range (72 per cent); two below suboptimal. 


Persistence of Excessive Levels: Persistence of 
excessive levels of hypoprothrombinemia (i.e., 
over 35 seconds) was noted in seven cases 
(Table 1). 

It is well to note, however, that in five of the 
patients their highest prothrombin times’ were 
45, 43, 44, 38 and 36 seconds, not excessively 
high values. In the other two patients the 
highest levels were 80 and 62 seconds at which 
points vitamin K, was administered with prompt 
reversal of Coumadin effect on prothrombin 
depression. In none of these seven patients was 
there any evidence of bleeding. A correlation 
between persistently high levels of hypopro- 
thrombinemia and bleeding incidents was not 
possible. 

In order to analyze our data regarding the 
duration of a therapeutic hypoprothrombinemia 
more definitively, we took as our first figure the 
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TABLE I 
Persistence of Excessive Prothrombin Time Levels at Hours after Initial Priming Dose of Coumadin 


24 48 


16 


96 


64 72 80 88 


(K) = Vitamin K, administered. 


test hour when the patient first exhibited thera- 
peutic hypoprothrombinemia and as our second 
figure the last time a therapeutic range showed 
plus eight hours (or from. onset of therapeutic 
hypoprothrombinemia to first decline below the 
therapeutic range). In this manner we found 
that the duration of therapeutic hypopro- 
thrombinemia was 24 hours in one patient, 48 
hours in two patients, 56 hours in one patient, 
64 hours in two patients, 72 hours in three 
patients, 80 hours in fourteen patients, 88 hours 
in one patient and 96 hours in one patient. In 
nineteen, or 76 per cent of our patients, then, 
the therapeutic range lasted for three to four 
days once it had been attained. In the at- 
tainment of therapeutic hypoprothrombinemia 
and in the decline therefrom, our patients were 
none the less generally under the protective 
influence of Coumadin, as evidenced by sub- 
optimal prothrombin times. 

One patient (Case 5, Table 1) was given her 
initial dose of Coumadin for an acute myocardial 
infarction four days after she had undergone 
subtotal gastrectomy and _ gastrojejunostomy 
for peptic ulcer. The prothrombin test forty 
hours after the administration of the initial dose 
of Coumadin was 62 seconds. There was no 
bleeding. The patient was given 10 mg. vitamin 
K, intramuscularly. There was prompt and 
gradual recession of prothrombin time to 50, 
38, 33 seconds for each of the next three suc- 
cessive eight hour tests. 

Another patient (Case 4, Table 1) vomited 
shortly after she had swallowed her 75 mg. dose 
of Coumadin. Inadvertently, she was given 
another 75 mg. Coumadin sixteen hours after 
the first dose. A prothrombin time of 27 sec- 
onds at sixteen hours, i.e., the time of ad- 
ministration of the second 75 mg. dose, indi- 
cates probable complete and rapid absorption 
of the first dose. The prothrombin time of 80 
seconds (without bleeding) in the sixty-four 
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hour test was followed by the intramuscular 
injection of 15 mg. vitamin Ky, and the sub- 
sequent rapid and gradual recession of pro- 
thrombin time to 68, 57, 45, 40 seconds for each 
of the next four successive eight hour tests. 


CoMMENTS 


The results of this study indicate that the use 
of Coumadin provides early onset of therapeutic 
hypoprothrombinemia (84 per cent of our 
patients at twenty-four hours). Achievement 
of therapeutic hypoprothrombinemia (22 to 
35 seconds) occurred in an additional 12 per 
cent at thirty-two hours, and in 4 per cent more 
at forty hours, so that 100 per cent of our pa- 
tients were in the therapeutic range at forty 
hours. Some degree of protective cover (sub- 
optimal range, 19 to 22 seconds, plus therapeutic 
range, 22 to 35 seconds or higher) was noted in 
ninety-two to one hundred of our patients from 
the twenty-four hour through the ninety-six 
hour test. The duration of the therapeutic 
range persisted in eighty-two of our patients 
from forty-eight to eighty-eight after the initial 
loading dose. 

In view of these findings, Coumadin is judged 
by us an excellent anticoagulant which provides 
maximal protective cover during the most 
critical period of disorders requiring effective 
anticoagulation, that is, the first ninety-six hours 
following their onset. 


SUMMARY 


The usefulness of an anticoagulant is predi- 
cated upon the speed of initiation of thera- 
peutic hypoprothrombinemia and its duration. 
We have studied these two components of the 
response to the administration of a priming dose 
of Coumadin. Twenty-five patients, selected 


only as requiring anticoagulant therapy, were 
each given a single induction dose of 75 mg. 
Coumadin by mouth. Prothrombin time tests 
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by the Link-Shapiro modification (using Sim- 
plastin) of the one stage method were made every 
eight hours for the first ninety-six hours follow- 
ing the administration of this dose to each 
patient, an initial test having been made before 
treatment with Coumadin was instituted. 

By means of this eight hour testing, it was 
determined that within the first twenty-four 
hours following the administration of Coumadin, 
twenty-one patients entered the therapeutic 
range; three patients, eight hours later; and 
one patient at the forty hour test. The dura- 
tion of therapeutic hypoprothrombinemia was 
forty-eight to eighty-eight hours in twenty-three 
patients; twenty-four hours in one patient; 
and ninety-six hours in another. At the twenty- 
four through the ninety-six hour prothrombin 
time tests, the great majority of patients (72 to 
100 per cent) were in the therapeutic range. 
There were two instances of excessively extended 
prothrombin time, without bleeding, which 
responded promptly to vitamin Ky. 

The predictability of action and desirable 
character of the response to the hypoprothrom- 
binemia-inducing effect of Coumadin are borne 
out by the objective analysis of the data. 
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N OUR continuing search for a_ surgical 
I procedure for the alleviation of the effects of 
coronary artery disease we became aware of the 
work of Battezzatti, Tagliaferro and De 
Marchi! concerning ligation of the internal 
mammary arteries in November 1956. The 
attraction of the operation lay in its technical 
simplicity, its performance under locally ad- 
ministered anesthesia and the report of sub- 
jective improvement in a large percentage of 
otherwise nonsurgical candidates.! So far as 
could be determined, the only contraindica- 
tion to surgery was the presence of an acute, un- 
stable myocardial infarction. The rationale and 
technic of this procedure have been reviewed 
previously..~* The purpose of the present 
communication is to report our clinical and 
experimental experience with the procedure. 


EXPERIMENTAL WorkK 


In an attempt to demonstrate the presence of 
anatomic and functional collaterals between the 
pericardiophrenic branch of the internal mam- 
mary arteries and the coronary circulation 244 
experiments were performed on 175 healthy 
mongrel dogs. Three major areas of inquiry 
were explored. 

Injection Studies: A description of the method 
in acute injection studies has been previously 
published.? In addition, this procedure was 
performed post mortem in many animals that 
died during other experimental studies. Al- 
though there is consistent demonstration of 
anatomic connection in various degrees, we 
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have no evidence to show that the number and 
extent of these connections is influenced by 
ligation of the internal mammary arteries in 
normal dogs or in survivors of experimentally 
produced infarction. 

A total of twenty-five animals were subjected 
to acute injection studies. In seven, following 
the usual precautions, the distal trunks of the 
internal mammary arteries were injected in the 
same fashion as had previously been followed for 
the proximal trunks. Generally this type of 
injection was almost as efficient in staining the 
pericardium and appearing in the coronary 
sinus by way of branches from the superior 
phrenic artery as proximal injections were by 
way of the pericardiophrenic artery. 

This phenomenon was interpreted as showing 
that, in accordance with the ligation studies of 
Holman, using other vessels, the increased 
volume flow through the pericardiophrenic 
arteries resulting from ligation of the internal 
mammary arteries would find a low pressure 
system distally, encouraging flow. The limited 
coronary communications with the internal 
mammary arterial system presumably benefit 
from this circumstance. 

Survival Studies: Seventy-five dogs were 
subjected to ligation of the anterior descending 
branch of the left coronary artery. Three 
groups were studied (Table 1). Fifty-one had 
bilateral ligation of the internal mammary 
artery fifteen minutes to twenty-seven days 
prior to challenge, fifteen had no preparation 
(controls) and nine had had a Vineberg 
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TABLE I 


Survival after Ligation of the Anterior Descending 
Branch of the Left Coronary Artery 


Died in : 
| rio, og | 24 be. Survived 
vocedure oronary Animals 
Ligation 
No.| % No. % 
: .___ |Less than 1 hr. 16 10 | (63) 6 | (37) 
pope sm a 24 to 48 hr. 18 10 | (56) 8 | (44) 
marin 7 to 27 days 17 9 | (53) 8 | (47) 
mammary |— 
some J Total...... 51 29 | (57) 22 | (43) 
Vineberg 5 to 8 weeks 9 3 | (33) 6 | (67) 
Control 15 13 | (86.7) | 2 | (13.3) 


procedure® five to eight weeks previously. Due 
to technical errors such as ligation of the septal 
coronary artery branch or death from operative 
complications or intercurrent infection, twenty- 
one additional dogs were excluded from evalua- 
tion. 

Postmortem injection studies of the dogs that 
died immediately or in the first twenty-four 
hours were equivocal. There was no apparent 
increase in collateral flow in the animals with 
previous bilateral ligation of the internal 
mammary artery. The Vineberg arterial im- 
plants were all open at the time of death and, 
despite the comparatively short length of time, 
there were demonstrable mammary-coronary 
anastomoses. It is to be noted that most of the 
animals prepared by internal mammary artery 
ligation prior to the production of coronary 
occlusion were so prepared only a few hours 
whereas those prepared by the Vineberg 


procedure had had one to two months for ~ 


collateral anastomoses to develop. 

Dye Tracer Studies: The greatest effort of our 
group was directed toward the application of 
indicator dilution technics to the qualitative 
appreciation of flow through pericardiophrenic- 
coronary anastomoses. After a considerable 
evaluation period the following preparation was 
considered useful : 

The brachiocephalic trunks were isolated 
proximal and distal to the origin of the internal 
mammary arteries, the isolated segment being 
cannulated through the thyrocervical trunk 
which was ligated about the catheter. This 
precaution was followed to avoid injury to the 
internal mammary and __pericardiophrenic 


arteries of small caliber in the dog. A shunt 
was introduced between the coronary sinus and 
jugular vein, being so constructed that the 
coronary sinus blood was not contaminated by 
blood from the jugular vein and a cannula 
could be placed into the coronary sinus through 
the shunt for sampling purposes. Because of 
the wide variations of oxygen saturation in the 
coronary sinus blood, Cardio-green* was used 
for the indicator. Another sampling cannula 
was placed in the aorta just distal to the aortic 
valve to detect either T1324 or Cardio-green. A 
mixture of Tys24 and Cardio-green or Cardio- 
green alone was injected by a spring-loaded 
injector. Pairs of injections were performed in 
the following circumstances: with the sub- 
clavian arteries open, ligated distally or ligated 
distally and proximally; with the internal 
mammary arteries open or ligated in the third 
intercostal space; and with the pericardio- 
phrenic arteries open or ligated near their origin 
(Fig. 1). 

In animals previously operated. on with 
bilateral ligation of the internal mammary 
artery or Vineberg operations, with or without 


‘challenge by ligation of the anterior descending 


branch of the left coronary, injections were 
made into the aorta proximal to the brachio- 
cephalic trunks. , 

Only in those animals prepared one or more 
months previously by the Vineberg operation 
was the indicator detected in the coronary 
sinus prior to the aortic sampling cannula, 
demonstrating that the indicator had reached 
the coronary sinus by way of coronary anasto- 
moses with the implanted internal mammary 
artery. In the remaining animals the results 
were either completely negative or equivocal 
due to contamination of the coronary circulation 
by retrograde passage of the indicator as a 
result of the force of the injection. This latter 
objection was easily detected by the aortic 
sampling cannula and identified as such (Fig. 2). 

The conclusions reached from these studies 
are similar to those reported by other investi- 
gators.’?~® There is no evidence of increased 
extracoronary collateral flow in the first month 
following bilateral ligation of the internal 
mammary artery with or without myocardial 
infarction, nor is there evidence of protection 
against the effects of ligation of the anterior 
descending branch of the left coronary artery. 


* Manufactured by Hynson, Westcott & Dunning, 
Inc. 
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SITE OF INJECTION OF DYE 


Thyrocervical Trunk af 
Right Subclavian Artery ‘ Brachiocephalic Trunk 
Internal Mammary Artery j 
go” CANNULA IN AORTA AT 
pe LEVEL OF CORONARIES 
Pericardiophrenic Artery A FOR ARTERIAL SAMPLING 


Coronary Arteries 


Right Common Carotid Artery 


Superior Vena Cava 


UNRESTRICTED 
CORONARY SINUS 
FLOW 


. Coronary Sinus Ostium 


Inferior 
Vena 


CORONARY SINUS SAMPLING 


Fic. 1. One method used for cannulation of the arterial and coronary sinus systems for sampling 
of blood-dye mixture in order to detect the appearance of indicator substance in the coronary 
drainage prior to the appearance of dye at the origin of the coronaries themselves. It was theorized 
that if such an indicator could be identified in the coronary sinus before it could be detected in the 
proximal aorta this would constitute evidence of extracoronary collateral blood supply since the 
indicator injection was made in the proximal arterial circulation (top). In order to sample coronary 
sinus blood without obstructing coronary sinus drainage and thus impairing coronary circulation, 
a double cannula system was devised, whereby a large cannula was introduced into the coronary 
sinus, which was then tied around the cannula so that all its drainage was necessarily conducted 
out through this tube (bottom). It was returned to the venous circulation by inserting a second 
cannula in the jugular vein and sampling was accomplished with a small polyethylene tube im the 
coronary sinus cannula proper. 


The only favorable results to come to our and coronary flow studies. Garamella and 


attention are in more chronic experiments. 
Zintel,!! using cardiopulmonary bypass with the 
aorta clamped, demonstrated an_ increased 
coronary circulation six months after bilateral 
internal mammary artery ligation but no 
change with acute clamping of the internal 
Mammary arteries. Battezzati et al.* presented 
data concerned with survival, potassium-citrate 
injections, heart chamber and systemic pressures 
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associates,” using stockyard pigs, employed an 
ingenious method of producing acute coronary 
artery occlusion in the closed chest. Acute 
ligation of the internal mammary artery gave no 
protection. Chronic ligation of the internal 
mammary artery with occlusion performed 
fifty-eight to sixty-nine days later than the 
ligation gave a 33.3 per cent survival. The 
Beck I operation performed with occlusion 
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CUVETTE 


AORTIC CANNULA 


TO FEMORAL VEIN e 


CUVETTE 


CORONARY SINUS CANNULA 


TO FEMORAL VEIN ee 


THEORETICAL 


CORONARY 
SINUS 


ACTUAL 


CORONARY 
SINUS - 


_ TRACINGS 


Fic. 2. Detecting system used with the cannulation described in Figure 1. A, two separate Colson densitometers were 
connected so that the first was fed from the aortic cannula by a constant flow peristaltic pump and the second was fed 
from the sampling cannula in the coronary sinus by a similar pump. The flow of the sampling pump was adjusted so 
that it was identical in both systems. The blood from both systems was then returned to a single femoral vein via a 
wide connection and a small cannula. In this manner continuous sampling could be performed in heparinized ani- 
mals. B, theoretical tracings. In the case of the coronary sinus cannula, if indicator substance reached the myocar- 
dium via extracoronary collaterals arising from the proximal aorta, one would expect the dye to appear in the sampled 
blood prior to its appearance from the blood sampled at the ascending aorta. C, diagrammed tracings of the types of 
curves actually obtained in these experiments. As can be seen, no dye was evident in the coronary sinus sample. 
This would indicate that either there is no coronary collateral blood supply or the amount of dye reaching the coronary 
sinus before the entire circuit is completed is so small that it cannot be detected. In some of the experiments curves not 
unlike the theoretical ones diagrammed here were obtained; however, after considerable investigation it was found 
that the appearance of dye in the coronary sinus prior to the appearance of the major arterial curve was due to back- 
ward flow from the injected site which caused the pick-up in small amounts by the coronary circulation of indicator sub- 
stance. In most of the experiments in which this type of backward flow occurred a small hump was also visible on the 
arterial curve prior to the appearance of the major deflection. 
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fifty-two to one hundred two days later gave 27.7 
per cent protection. 

At the present time a group of animals have 
been prepared by bilateral ligation of the inter- 
nal mammary arteries and the experimental 
production of coronary occlusion is awaited 
after six months to a year have passed. These 
results will be available at a later date. It is 
difficult to assess the contribution of bilateral 
ligation of the internal mammary artery 
to changes in pressure and retrograde flow 
since these measurements are increased in 
animals that survive acute coronary occlusion." 


CLINICAL EXPERIENCE 


SELECTION OF PATIENTS 


Bilateral ligation and division of the internal 
mammary artery has been performed on 239 
patients, of whom 219 have been followed up 
twelve to thirty months postoperatively. There 
were 172 men and forty-seven women, a ratio 
of 3.66:1. The age distribution follows the 
predicted curve with peak incidence in the sixth 
decade. Of the 219 patients the chief com- 
plaint in 212 was the presence of anginal pain. 
In forty-three patients symptoms had been 
present less than one year; in fifty-eight one to 
three years; in thirty-three three to five years; 
and in seventy-eight over five years. Surpris- 
ingly, 115 patients or 54 per cent of this group 
had angina decubitus. Of the seven patients 
without angina, four had repeated episodes of 
pulmonary edema and three had episodes of 
serious arrhythmias. 

At the time of admission 119 patients had un- 
equivocal electrocardiographic evidence of old 
or recent myocardial infarction. A total of 181 
such infarctions were noted, an incidence of 1.5 
per patient. Of the remaining 100 patients, 
seventy-three had definite electrocardiographic 
evidence of myocardial ischemia and/or damage, 
or a distinctly positive “standardized exercise 
test.”'§ Ten of the remaining twenty-seven 
patients had previous tracings of myocardial 
ischemia or infarction, or severe pain which 
developed during the standard exercise test 
without electrocardiographic changes. Seven- 
teen patients, or 8 per cent, had only had 
angina without objective evidence of coronary 
artery disease. 

Thirty-three patients, or 15 per cent, with 
angina pectoris and electrocardiographic evi- 
dence of coronary artery disease demonstrated 
radiologically gastrointestinal or biliary tract 
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TABLE 


Results of Bilateral Ligation of the Internal Mammary 
Artery in 219 Patients Twelve to Thirty Months Post- 


operatively 

Degree of No. of Per cent of 
Improvement Patients Total 

Marked 55 25 

Moderate 46 21 hos 

Slight 38 17 

No change 38 17 

Dead 42 20 

pee 219 100 
disease. Three patients had evidence of active 


duodenal ulceration, three patients had silent 
cholelithiasis and twenty-seven had a tiny 
hiatus hernia and/or duodenal scarring. 


CLINICAL RESULTS 


At the time of this writing, 219 patients have 
been followed up for twelve to thirty months 
postoperatively. The evaluation of the results 
has necessarily been subjective. In the initial 
phase of this study the patients appeared to 
fall naturally into specific etiologic categories 
such as arteriosclerotic, hypertensive and hemo- 
dynamic (secondary to aortic valve disease). 
As the study progressed it was seen that this 
was an artificial distinction, both clinically and 
at postmortem, hence the patients have not 
been arbitrarily divided into such grouping. 
The postoperative ballistocardiographic and 
electrocardiographic findings originally were 
relied upon for proper evaluation of the degree 
of myocardial improvement or deterioration 
but little credence was given these changes 
after the first year in view of the great alterations 
which may occur regardless of the subjective 
state of the patient. 

Although a number of patients have been 
followed up by one of us (J. R. K.), the major 
part of the study has been based on the patient’s 
evaluation of his postoperative condition. For 
the first year, a questionnaire was submitted at 
monthly intervals and thereafter at six-month 
intervals. The patient was asked to relate 
medications, types and amounts; pain, severity 
and number of attacks; exercise tolerance, 
whether or not he was working and in what 
capacity; and his personal evaluation of status 
as compared with his preoperative level. If he 
was asymptomatic, able to work productively, 
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942 Bilateral Ligation of Internal Mammary Artery 
TABLE UI 
Site of Infarctions Electrocardiographically Apparent at Time of Admission (119 Patients) 
Postoperative Anterior Posterior Septal No. of 
Evaluation of ationt Bag 
Improvement Old | Recent | Old | Recent} Old | Recent 
Marked 30 8 3 19 0 9 2 41 1.37 
Moderate 21 5 4 15 0 3 2 29 1.38 
Slight 22 9 4 8 1 12 0 34 1.54 
No change 17 3 4 12 1 7 3 30 1.76 
Dead 29 14 4 13 0 14 2 47 1.7 
ree 119 39 19 67 2 45 9 181 | 2 
TABLE IV mately 21 per cent of the patients have been 


Patients with No Electrocardiographic Evidence of 
Infarction on Admission (100 Patients) 


Non- Abnormal Exercise 
aes orig No. of specific Test or Previous Presence of 
valuation of |patients| ECG | Infarct with Normal| “28!” 
Improvement ‘ nfarct with Norma Only 
Abnormality ECG 
Marked 25 16 1 8 
Moderate 25 16 3 6 
Slight 16 11 3 2 
No change 21 19 2 0 
Dead 13 11 1 1 
wetness 100 73 10 17 


TABLE V 
Relation of Result to Occurrence of Angina Decubitus 


No. of No. of 
Postoperative p Patients 
Evaluation of — an with Per cent 
Improvement with Angina : 
pro g 
Decubitus 
Marked 52 23 44 
Moderate 43 18 42 
Slight 38 19 50 
No change 38 26 68 
Dead 41 29 71 
212 115 54 


had little or no limitation of his activities and 
considered himself markedly improved, he was 
placed in the marked improvement category. 
Approximately 25 per cent of the total patients 
fell into this classification (Table m). Those 
patients who experienced good relief of symp- 
toms but continued to have occasional episodes 
of pain and a mild diminution of effort tolerance 
were considered moderately improved. Approxi- 


placed in this category. The patients considered 
slightly improved were those in whom the anginal 
attacks were less frequent and less severe, whose 
exercise tolerance remained limited, who were 
forced to consider only sedentary employment, 
but felt themselves to be significantly better 
than before surgery. This category was most 
difficult to evaluate as there were those whose 
‘questionnaires revealed little change as well as 
those who were disappointed that they had not 
been completely freed from symptoms despite 
their considerable improvement. Approxi- 
mately 17 per cent of the patients were in this 
category. Another 17 per cent experienced no 
change in .symptomatology and 20 per cent 
have died since operation. There was no 
apparent influence on the result caused by age 
or sex distribution. 

As might be expected the number of infarcts 
per patient in the group of 119 patients with 
electrocardiographically demonstrable infarction 
at admission decreased from the dead and no 
change categories to the marked improvement 
category (Table m). In the same table, the 
sites of infarction are also noted. Although no 
distinct or significant relationship was shown, 
the rise in septal and anterior infarctions from 
marked improvement to dead seemed consistent and 
of interest. 

The incidence of patients with angina only 
and no electrocardiographic abnormality in 
the 100 patients without evidence of infarction 
at the time of admission decreased rapidly from 
marked and moderate improvement to no change and 
dead categories (Table 1v). This was also true 
of patients with complicating gastrointestinal or 
biliary tract disease. 

There was a definite increase in the percentage 
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TABLE VI 
Duration of Angina with Relation to Results 


Duration 
Postoperative No. of 
Patients 
Evaluation of th 
Improvement| ,“"* 1to3)3to5 on 


Angina | than 
1 yr. yr. 


Marked 52 14 7 9 22 
Moderate 43 8 12 5 18 
Slight 38 8 10 8 12 
No change 38 1 14 7 16 
Dead 41 12 15 4 10 

Total. ... 212 43 58 33 78 


of patients with angina decubitus from marked to 
dead categories (Table v). 
Table vi shows the correlation of results 


obtained with the duration of angina. It ap- 
peared that those patients able to survive the 
coronary artery disease as manifested by this 
symptom are more likely to achieve relief 
following operation than those whose symptoms 
were of shorter duration. Unfortunately, our 
data processing arrangement did not permit 
evaluation of frequency or severity of anginal 
attacks so that this impression may be far from 
valid. 

Deaths: Of the forty-two patients who have 
died, twenty-eight died as a direct result of 
coronary artery disease, eleven died of other 
nonrelated causes and in three the cause of death 
is not known. In the first group nine patients 
died from myocardial infarction occurring at or 
within twenty-four hours of operation. Of the 
remaining nineteen six were free of symptoms, 
three were moderately improved, seven were 
slightly improved and three were unchanged 
prior to death (Table vm). In the second group 
(Table vi) four patients died of renal failure, 
two of pulmonary embolism following geni- 
tourinary surgery and one each from lympho- 
sarcoma, peritonitis, cerebral vascular accident, 
ruptured aortic aneurysm and rheumatic valvu- 
lar disease. Of these, three were markedly im- 
proved, two were moderately improved, one 
was slightly improved and five were unchanged. 

Status of Living Patients: Only twenty-four, or 
13.5 per cent, of the living patients have changed 
in status over the study period. From the 
marked improvement group, two have transferred 
to slight improvement and one each to no change 
and moderate improvement in fifteen, twenty- 


NOVEMBER 1960 


Glover et al. 


943 


TABLE VII 


Results in Nineteen Patients Dying of Coronary Artery 
Disease More than Twenty-Four Hours Postoperatively 


Postoperative No. of Length of Survival 
Evaluation of P her Following Surgery 
Improvement (mo.) 

Marked 6 2, 3, 3 

Moderate 3 5, 5, 6 

Slight 7 6, 6, 6, 9, 10, 10, 13 

No change 3 a, 5512 

TABLE Vir 


Results in Eleven Patients Dying from Other Cau ses 


Postoperative No. of Length of Survival 
Evaluation of P nabs Following Surgery 
Improvement (mo.) 
Marked 3 3, 4, 10 
Moderate 2 10, 11 
Slight 1 > 
No change 5 4.7.50 
TABLE Ix 


Changes of Status of Twenty-Four Living Patients 


No. of Months 
No. of Pri 
Patients ore 
Change 
Changed to worse state 
(13 patients): 
Marked to moderate 1 19 
Marked to slight 2 15, 27 
Marked to unchanged 1 24 
Moderate to slight 3 6, 13, 17 
Moderate to unchanged 2 3, 12 
Slight to unchanged 2 4,9 
Changed to better state 
(11 patients): 
Unchanged to slight 1 12 
Unchanged to moderate 1 12 
Slight to moderate 5 6 
Slight to marked 1 4 
Moderate to marked 5 12 


seven, twenty-four and nineteen months, respec- 
tively. From the moderately improved group three 
have transferred to slight improvement and two to 
no change in six, thirteen, twenty-seven, twelve 
and three months, respectively. Two patients 
have gone from slight to no change after four and 
nine months. 

In the direction of improvement two patients 
went from no change to slight and moderate improve- 
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ment after one year, one patient went from slight 
to marked improvement after four months, five pa- 
tients went from slight to moderate improvement after 
six months and five patients went from moderate 
to marked improvement after one year (Table 1x). 

In general the maintenance of original status 
has been remarkably stable in a disease of such 
variable manifestations. The fact that the 
members of the markedly improved group for the 
most part denied symptoms from the first post- 
operative month was initially a matter of 
considerable concern; the fact that this improve- 
ment has been maintained up to thirty months 
postoperatively is of continuing interest. This is 
in keeping with the results cited by Battazzatti 
et al.'* but at variance with those as noted by 
Dimond et 


SUMMARY AND CONCLUSIONS 


I. EXPERIMENTAL WORK 


1. The existence of collaterals between the 
pericardiophrenic branch of the internal mam- 
mary arteries and the coronary circulation has 
been repeatedly demonstrated. 

2. We have produced no _ experimental 
evidence that ligation of the internal mammary 
arteries has any consistent influence on these 
collaterals with regard to flow or number. 

3. We have demonstrated no crucial ex- 
perimental evidence that bilateral ligation of the 
internal mammary artery in the dog protects the 
heart from the effects of ligation of the anterior 
descending branch of the left coronary artery. 

4. The effect of bilateral ligation of the 
internal mammary artery upon experimentally 
produced coronary occlusion when performed 
many weeks to months prior to infarction needs 
further study and clarification. 


II. CLINICAL EXPERIENCES 


1. In 46 per cent of the entire series and 57 
per cent of the living patients a moderate to 
marked improvement has been noted post- 
operatively. 

2. Of the entire series 63 per cent felt 
slightly to markedly improved; this represents 
79 per cent of the living patients. 

3. The postoperative status of the patients is 
remarkably stable, there being only twenty- 
four patients, or 13.5 per cent, who have 
changed in the study period from their original 
one month evaluation. Eleven of these have 
regressed clinically, usually after one year or 
more; thirteen have improved after four to six 
months. 


4. There is reason to believe that longevity 
has not been increased by the operation. 
However, in extenuation, it should be noted 
that 20 per cent of the deaths occurred in 
patients who had a myocardial infarction at the 
time of surgery or within twenty-four hours of it, 
and that roughly 25 per cent died of causes other 
than coronary artery disease. The remaining 
group of nineteen patients, or less than 10 per 
cent of the entire series, is certainly not excessive 
in view of the extensive disease present and 
their very guarded initial prognosis. 

5. We must assume, lacking evidence to the 
contrary, that the benefit observed following this 
type of surgery consists solely in relief of anginal 
pain by a mechanism as yet unknown. 

6. It is suggested that the use of this pro- 
cedure alone be confined to those patients who 
cannot tolerate more major surgical therapy. Its 
use as an adjunct to other forms of surgery such 
as pericardial poudrage or the Beck I procedure 
may well enhance the total result obtainable. 
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Experimental Studies 


Ligation of Internal Mammary Arteries as 
Related to the Coronary Artery Circulation’ 


Ramunp G. RUuEGER, M.D., Davin S. LEIGHNINGER, M.D., F.A.C.C., LORENZO RIsH, M.D. and 
Yinc CHE! CHEN, M.D. 


IGATION of the internal mammary arteries 

for treatment of angina pectoris and 
coronary heart disease has been discussed in 
many publications. Reference to these publi- 
cations is omitted from this paper. Only our 
experiments are reported. 

Various tests were established in our labo- 
ratory to measure the beneficial effect of a drug 
or a surgical operation upon the coronary artery 
circulation. These tests are as follows: (1) 
backflow measurements; (2) electrical fibrilla- 
tion (mortality) after test artery occlusion; (3) 
size of infarct after test artery occlusion and (4) 
the electrical condition of the heart after test ar- 
tery occlusion. Each of these tests is related 
to the amount of oxygenated (arterial) blood 
delivered to an area of ischemic muscle. When 
the amount of blood to an area of ischemic 
muscle is increased by therapy, the condition 
is improved; when it is reduced, the opposite 
effect is produced. These statements apply to 


both the human subject and the experimental: 


dog. The effect of ligation of the mammary 
arteries on these tests has been studied. 


METHODs AND RESULTS 


BACKFLOW MEASUREMENTS 


Method: This test is done as follows: The circum- 
flex artery is ligated at its origin. This artery is cut 
distal to the ligature. The cut end is cannulated. 
The blood that escapes is the backflow. It is the 
blood in the arterial tree of the ligated artery, and 
is the only blood available to this segment of muscle 
when its main source of blood supply is occluded. 


Cleveland, Ohio 


* From the Claude Beck Cardiovascular Laboratory, the Western Reserve University School of Medicine, Cleve- 


The blood is measured for thirty seconds and is ex- 
pressed in cubic centimeters per minute. The pres- 
sure in the aorta is maintained at a constant level of 
100 mm. Hg while the measurement is made. Be- 
tween determinations the cut end of the artery is per- 
fused from the carotid artery and an interval of five 
minutes elapses before the next determination is made. 
There is some variation in successive measurements 


- under the same conditions of the experiment. Be- 


cause of these variations the average of several suc- 
cessive measurements is taken to represent the back- 
flow. In some experiments there is a:tendency for the 
backflow to increase with successive determinations. 
Thus, the tenth or twelfth determination may be 
slightly more than the first and second under the 
same conditions. These fluctuations may be within 
the normal range of variations and should be so con- 
sidered unless a pattern of augmentation is estab- 
lished in most of the experiments. 

The internal mammary arteries were ligated at the 
interspace between either the second and third or the 
third and fourth costal cartilages. 

Results before and after mammary artery occlusion: 1. 
The internal mammary arteries were dissected free 
but they were not occluded. Backflow measure- 
ments were made to establish the level for normal. 
The mammary arteries were then occluded by an ar- 
terial clamp and measurements were made after 
occlusion was established. The clamp was removed 
and measurements were made again after the occlu- 
sion was released. These measurements are given in 
Table 1. 

2. Backflow determinations were carried out 
several weeks after mammary artery occlusion. The 
internal mammary arteries were ligated and measure- 
ments made after an interval of time. These are given 
in Table u. 


land, Ohio. This work was supported by grants from the U. S. Public Health Service and the Cleveland Area Heart 


Society. 
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TABLE I 
Backflow Determinations (Acute Experiments) 


TABLE 
Backflow Determinations (Chronic Experiments) 


Internal Mammary Arteries 
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Released 
(cc. /min. ) 


Occlusion 
by Clamp 
(cc. /min.) 


Before 
Occlusion 
(cc. /min. ) 


oh 


> 
> 
* 


NP WON 


n 
* 
uw 
* 


> 
N 
* 
* 
a 
* 


ut 
N 


uw 
* 
Na) 
* 


NNN 


N 
* 


* Average figures. 


TEST ARTERY OCCLUSION——-MORTALITY AND IN- 
FARCT SIZE 


Method: The descending ramus of the left coronary 
artery was the test artery for ligation. It was ligated 
at its origin and no branches were missed. The septal 
artery was not included in the ligature. The mor- 
tality rate was obtained. Death was produced by elec- 
trical fibrillation which in turn was produced by the 
oxygen differential in the muscle. The size of the 
infarct was determined in the dogs that did not fibril- 
late. These dogs were killed three to five weeks after 
occlusion of the test artery. The infarcts were classi- 
tied as none, small, intermediate and large. 

Results: 3. The internal mammary arteries were 
isolated and ligated without opening the pleural 
cavities. The test coronary artery was ligated three 
weeks later. The results in fifteen dogs were as fol- 
lows: eleven lived. four died. The mortality rate 
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Backflow Determina- 
tions: Average of 
Several Successive 

Readings 


Interval after 
Mammary Artery 
Ligation 
(days) 


Chronic 
Experi- 
ments 


was 27 per cent. The size of the infarct was deter- 
mined in six specimens. These were classified as 
none in zero, small in three, intermediate in one and 
large in two. 

A similar series of experiments was done in which 
the internal mammary arteries were ligated after 
opening the pleural cavities. The test coronary artery 
was ligated three weeks later. The results in twenty 
dogs were as follows: fourteen lived, six died. The 
mortality rate was 30 per cent. The size of the in- 
farct was determined in thirteen specimens. These 
were classified as none in zero, smal] in two, inter- 
mediate in four and large in seven. 

These two groups consist of thirty-five experi- 
ments. Of these twenty-five lived and ten died. The 
mortality rate was 29 per cent. The size of the in- 
farct in nineteen specimens was classified as small in 
five (26 per cent), intermediate in five (26 per cent) 
and large in nine (47 per cent). 

4. Sham Ligations. The internal mammary ar- 
teries were isolated by surgical dissection. A piece 
of silk was placed around them but the arteries were 
not ligated. The test coronary artery was ligated 
three weeks later. The results in fifteen dogs were as 
follows: nine lived, six died. The mortality rate 
was 40 per cent. 

5. Anesthesia. Ether anesthesia was given for one 
hour. Three weeks later the test artery was ligated. 
The results in fifteen dogs were as follows: nine lived 
and six died, giving a mortality rate of 40 per cent. 

6. Normal Controls. The test artery was ligated. 
The results in twenty dogs were as follows: nine 
lived, eleven died, giving a mortality rate of 55 per 
cent. 

7. Ligation of internal mammary arteries in ten 
dogs followed by test artery ligation at the same opera- 
tion resulted in seven deaths, or a mortality of 70 per 
cent. 
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ANALYSIS OF RESULTS 


Backflow Measurements:' The average backflow 
in 144 control experiments as determined by 
Leighninger in our laboratory is 4.2 cc./minute. 
Seventy-seven additional experiments have been 
performed in normal dogs since the first sixty- 
seven were reported.* This corrects the meas- 
urement for normal backflow to 4.2 cc./minute. 
Ligation of the internal mammary arteries does 
not change the backflow in acute experiments 
(Table 1). After the clamp is removed from the 
mammary arteries and after patency is restored 
the measurements remain within the range of 
normal figures. Measurements in the long 
term experiments were normal when there was 
an interval of time between internal mammary 
ligation and backflow determination. 

Mortality Following Test Artery Occlusion: The 
mortality following ligation of the descending 
ramus of the left coronary artery as determined 
in one hundred normal dogs in our laboratory 
was 70 per cent.'~* When these experiments 
are considered in groups of ten, the mortality 
ranged from 50 to 90 per cent. Under item 3, 
the mortality in thirty-five experiments was 29 
per cent. This may appear to be a significant 
reduction in mortality as compared to the 
figures for normal controls. However, the 
mortality in groups 5 and 6 is also lower than 
the mortality in normal controls, and in these 
experiments the mammary arteries were not 
ligated. The mortality in these experiments 
was 49 per cent. The mortality in item 7 is the 
same as in normal controls, namely, 70 per 
cent; and in these experiments ligation of the 
internal mammary arteries preceded. ligation 
of the test coronary artery, both being done at 
the same operation. 

Size of Infarct after Test Artery Occlusion: 
Analysis of the size of the infarct in dogs that 
survived test coronary artery ligation follows: 
Measurements of control experiments were 


reported by Stanton et al.° Fifteen dogs 
survived test artery ligation in a series of fifty 
normal controls. The scale for measurement 
was 0, small, intermediate and large. An 
infarct was present in each experiment. It 
was small in four or 26.6 per cent; intermediate 
in four or 26.6 per cent and large in seven or 
46.6 per cent. This analysis for the normal 
controls is almost identical to results in item 3. 


CONCLUSIONS AND SUMMARY 


The relationship between internal mammary 
artery ligation and the coronary artery circula- 
tion was determined by three laboratory tests. 
Internal mammary artery ligation, both acute 
and chronic, had no effect upon backflow from a 
ligated and cut coronary artery. Ligation of the 
internal mammary arteries had no effect upon 
mortality following test coronary artery ligation. 
In the acute experiments there was no reduction 
in mortality. In the chronic experiments the 
mortality figures are within the range of ex- 
perimental variation. Ligation of the internal 
mammary arteries followed by test coronary ar- 
tery ligation did not reduce the size of the in- 
farct in those dogs that survived coronary artery 
ligation. 
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Intercoronary Arterial Channels Produced 


by Chemical Agents’ 


D. S. LEIGHNINGER, M.D., F.A.c.c., I. H. Ernser, m.p., R. G. RUEGER, M.D. 
and C. S. BECK, M.D., F.A.C.C. 


Cleveland, Ohio 


ASCULAR Communications between coronary 
Epos protect the heart when stenosis or 
occlusion of these arteries takes place. These 
channels “ration” the available blood and de- 
liver it to ischemic muscle where it is needed 
most. They have significant protective value. 
The Beck operation was designed to produce 
such intercoronary channels.'~* One of the 
methods to produce them consisted of abrasion 
of the surface of the heart. In some instances 
abrasion cannot be done because the heart is too 
irritable. In such cases a substitute method, 
such as the use of a-chemical agent, is desirable. 
Experiments with various chemical agents are 
reported here. 


METHODs AND RESULTS 


The experiments were done on dogs. The amount 
of blood delivered to ischemic muscle was measured 
by the backflow method.’ It consists of ligation of 
the circumflex artery at its origin, incision in the 
artery distal to the ligature and measurement of the 
blood that escapes from the severed artery. 

Group 7: The Beck operation was performed but 
abrasion of the heart was omitted. The lining of the 
parietal pericardium was abraded. The surface of 
the heart between coronary arteries and veins was 
touched with cotton applicators moistened in fresh 
aqueous solution of 5 per cent trichloroacetic acid. 
Asbestos powder was lightly sprinkled on the surface 
of the heart. The coronary sinus was narrowed by a 
ligature to a diameter of 3 mm. The pericardial fat 
was loosely applied as a graft to the surface of the 
heart. After an interval of twenty-eight to fifty- 
seven days backflow determinations were made in 
thirty-two dogs. These ranged from 2.9 to 19.2 
cc./minute with an average of 8.5 cc./minute. 

Group 2: A similar procedure was carried out as in 
group 1 except that 1 per cent trichloroacetic acid 


was used. The interval between operation and back- 
flow determination was fifty-four to fifty-six days. 
Twelve experiments were performed. The backflow 
measurements ranged from 3.5 to 11.8 cc./minute 
with an average of 6.9 cc./m inute. 

Group 3: An aqueous solution of trichloroacetic 
acid was injected into the pericardial cavity without 
opening the pericardium. The interval of time 
was twenty-two to fifty-five da ys. A 5 per cent solu- 
tion was used and the backflow determinations in six 
dogs were 1.5 cc./minute with 3 cc. of the solution, 
4.2 cc./minute with 3 cc., 2.6 cc. /minute with 10 cc., 
4.5 cc./minute with 10 cc., 5.7 cc-/minute with 10 cc. 
and 1.6 cc./minute with 10 cc. In three experiments 
the pericardium was opened and a 5 per cent solu- 
tion was applied to the heart with moist cotton swabs. 
The backflow determinations were 2.8, 3.1 and 4.2 
cc./minute, respectively. The average backflow in 
nine experiments was 3.4 cc./minute. One dog died 
from a compression scar on the heart produced by 10 
cc. of 5 per cent solution. 

Group 4: The complete operation was performed 
including abrasion of the epicardium plus the applica- 
tion of 5 per cent trichloroacetic acid. The interval 
between operation and backflow determinations was 
twenty-one to seventy-two days and in one dog it was 
380 days. The backflow measurements in eleven 
dogs ranged from 2.4 to 13.2 cc./minute with an 
average of 6.5 cc./minute. The measurement in the 
long term experiment was 6.7 cc./minute. 

Group 5: A modified Beck operation was performed. 
The surface of the heart was not abraded. A solution 
of 10 per cent trichloroacetic acid was applied to the 
surface of the heart by moistened cotton swabs. The 
interval was fifty-six to seventy days. Backflow de- 
terminations in eight dogs varied from 2.9 to 6.1 
cc./minute. The average was 4.3 cc./minute. One 
dog died at seventy days from a compression scar. 

Group 6: The Beck operation was performed and a 
light application of 5 per cent solution of trichloro- 
acetic acid was made between the surface branches of 


* From the Claude Beck Cardiovascular Research Laboratory, the Western Reserve University School of Medicine 


and the University Hospitals, Cleveland, Ohio. 
Health Service and the Cleveland Area Heart Society. 
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the coronary arteries. These dogs were operated 
upon a second time thirty-three to sixty-eight days 
later. The first operation was through the left side 
of the chest and the second operation was through the 
right side of the chest, thus approaching both sides 
of the heart. The pericardium over the right ven- 
tricle was opened where it was not densely adherent. 
Abrasion, trichloroacetic acid and a light application 
of asbestos powder were applied over accessible areas 
of the heart from the right side. This procedure was 
limited by the adhesions to the heart. A period of 
thirty-four to fifty-eight days elapsed before backflow 
determinations were made. In ten dogs these varied 
from 3.0 to 12.2. cc./minute with an average of 7.1 
cc./minute. 

Group 7: The procedure consisted of the applica- 
tion of 5 per cent trichloroacetic acid to the surface of 
the heart plus a sprinkling of asbestos powder to the 
surface of the heart with about 0.3 g. The interval 
between operation and backflow determinations was 
thirty-six to forty-eight days. The backflow measure- 
ments in nine dogs ranged from 2.7 to 17.1 cc./minute 
with an average of 7.5 cc./minute. 

Group 8: The Beck operation was performed. 
Ninety-five per cent phenol was applied lightly by 
cotton applicators to the surface of the heart. An in- 
terval of thirty-three to seventy-seven days elapsed 
before backflow determinations were made. In one 
dog the interval was 107 days. The backflow deter- 
minations in twenty-one dogs varied from 1.8 to 
14.0 cc./minute with an average of 6.5 cc./minute. 
Six dogs died from compression scars; one had a scar 
but did not die; another had a hematoma over the 
right ventricle but death did not ensue. 


COMMENTS 


The range of variation with backflow meas- 
urements is considerable. This applied to both 
the normal controls and also to dogs. that were 
operated upon. The average backflow in 144 
normal dogs as measured by Leighninger in our 
laboratory is 4.2 cc./minute. The average 
in seventy-two dogs after the Beck 1 operation 
(which is the procedure under discussion) is 
8.0 cc./minute and in eight dogs one year after 
operation it was 10.4 cc./minute. The ex- 
periments reported here scarcely support 
definite conclusions. They provide some gen- 
eral ideas which can be used to guide the work. 

The experiments in group 1 indicate that a 
light application of fresh aqueous solution of 
5 per cent trichloroacetic acid can replace 
abrasion of the heart in the Beck operation. 
Dosage and concentration of acid are important. 
In the experiments of group 2 the concentration 
seemed to be too weak and greater concentra- 
tion of acid is harmful as shown in the experi- 


ments in group 3, in which several cubic cen- 
timeters of the acid were injected into the peri- 
cardial cavity or applied directly to the heart. 
The backflow measurements following the 
complete operation together with the applica- 
tion of 5 per cent trichloroacetic acid (group 4) 
were 2 cc/minute less than those obtained 
when application of acid replaced abrasion 
(group 1). On the basis of these experiments 
it can be seen that the inflammatory reaction 
can be too severe for optimum results. The 
experiments in group 5 in which 10 per cent 
acid was used support this conclusion. 

The Beck operation plus the application of 
5 per cent trichloroacetic acid was performed 
through the left side of the chest as in group 4. 
At a later date a similar, but limited, procedure 
was Carried out through the right side of the 
chest so that the entire heart was subjected to 
the operative procedure (group 5). The de- 
terminations were slightly greater than in 
group 4 but were less than in group 1. The 
authors have considered doing a repeat opera- 
tion on those human patients who continue to 
have pain after the Beck operation. On the 
basis of these experiments a repeat operation is 
not indicated. The second procedure is limited 
by the adhesions of the first operation and is 
technically difficult. 

A modified operation (group 7), consisting of 
use of 5 per cent trichloroacetic acid and asbestos 
powder, produced favorable results. This 
modified operation is used on humans when the 
heart is irritable, when the left ventricle is 
markedly enlarged and when the heart cannot 
tolerate manipulation. It is used in the pres- 
ence of severe damage in the heart. We would 
avoid operating upon these patients were it not 
for the fact that they are almost always helped 
by the operation. 

The Beck operation together with the -appli- 
cation of phenol to the surface of the heart 
(group 8) produced backflow measurements 
somewhat lower than in group 1. The mor- 
tality was due to the phenol and dosage was one 
of the factors here. Harken et al.* used 95 per 
cent phenol experimentally and in humans 
without deleterious results and intercoronary 
channels were demonstrated in the injected 
specimens. The operation was applied by 
Harken to eighteen humans without mortality 
and these patients were relieved of anginal pain 
after operation. Carbolic acid is a severe 
necrotizing agent. It destroys tissue, produces 
scars and its use is not recommended. 
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CONCLUSIONS 


In the Beck operation a light application of 
fresh aqueous solution of 5 per cent trichloro- 
acetic acid applied to the surface of the heart 
can replace abrasion of the surface of the heart 
and produce similar backflow measurements. 
The Beck operation with abrasion plus acid 
does not seem to augment backflow. A light 
application of this acid in 5 per cent concen- 
tration combined with a light application of 
powdered asbestos may be considered as a 
modified operation that is useful when the heart 
is irritable and cannot tolerate the manipula- 
tion of a complete operative procedure. Strong 
concentrations of trichloroacetic acid and car- 
bolic acid are harmful. They produce scar 
tissue on the heart and this condition is un- 
favorable for the development of intercoronary 
communications. 
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Review 


Hypometabolic Treatment of Heart Disease’ 


Ex.ioT CorpDaAy, M.D., F.A.c.c., HENRY L. JAFFE, M.D. and Davip W. IRVING, M.D. 


Los Angeles, California 


T HAS BEEN DEMONSTRATED that angina 
I pectoris due to coronary artery disease,!~*6 
congestive heart failure!:?:*:*-17:22.27 or various 
arrhythmias”*:** may be relieved in the eu- 
thyroid patient by the judicious reduction of 
activity of the thyroid gland. Furthermore, 
disturbances of the heart such as arrhythmias 
and heart failure due to hyperthyroidism may 
be corrected by surgical or medical ablation 
of the thyroid gland.*:*® There is some question 
whether thyroid hormone causes its disturbances 
because of a direct effect upon the heart or 
whether it indirectly increases the demands on 
the myocardium by elevating body metabolism. 


EFFECTs OF THYROID HORMONE 
ON THE HEART 


Indirect Effects: In hyperthyroidism the work 
load of the heart is increased because of an 
elevated body metabolism.*° Hyperthy- 
roidism causes an increase in the oxygen 
consumption of the tissues which is satisfied 
by a corresponding rise in the cardiac output.*! 
Paradoxically, even though there is increased 
oxygen utilization in the tissues, the’ arterio- 
venous oxygen difference is actually diminished 
because of A-V shunts.*! Therefore, in order to 
compensate for the elevated metabolism of the 
tissue, its needs for oxygen and the presence of 
A-V shunts, the dynamics of the heart are 
accelerated in thyrotoxicosis. The stroke vol- 
ume is not increased yet the cardiac output is 
greater.** It is the increase in the heart rate 
itself which accounts for the augmentation of 
cardiac output. During sleep the average pulse 
rate of patients with thyrotoxcosis is increased 
53 per cent above normal.* The velocity of 
blood flow through the body is increased.* 
It is believed that the acceleration of the 


circulation results principally from peripheral 
arterial shunts.*® There is increased heat 
production in the body which necessitates 
dissipation of the heat from the skin through 
vasodilatation of the skin capillaries. The blood 
flow of the skin of the normal individual requires 
3 per cent of the cardiac output while, in the 
hyperthyroid patient, it requires an average of 
6 per cent.*° 

The circulatory adjustments of thyrotoxicosis, 
therefore, impose a heavy burden on the heart. 
Following increased physical activity, cardiac 
output, oxygen consumption and blood pressure 
are all increased in hyperthyroid patients. 
The adjustments to thyrotoxicosis are wasteful 
because they require an increased oxygen 
supply and an increased amoywnt of cardiac 
work. The normal heart is able to meet the 
added stresses produced by hyperthyroidism; 
but if conditions such as coronary arterio- 
sclerosis, valvular disease or cardiac hypertrophy 
from previous diseases are present, this adjust- 
ment may not always be possible.*° 

Direct Effects: In hyperthyroid animals the 
oxygen consumption of the myocardium is 
greatly increased.*® The glycogen in the heart 
muscle is depleted and the coronary flow is 
believed to be increased due to a reduction in 
coronary arterial resistance.*® 

Present evidence indicates that the -direct 
effect of thyroid hormone on the myocardium 
may not be effective in the absence of the 
catecholamines.*”7 There appears to be a 
dynamic interrelationship between the thyroid 
hormones and those of the adrenal medulla and 
sympathetic nerve endings. The thyroid hor- 
mone inhibits the monamine oxidase catalyst 
required for catecholamine breakdown. The 
sympathetic nerve endings in the myocardium 


* From the Department of Medicine, U.C.L.A. School of Medicine, and the Division of Radiation Therapy and 


Nuclear Medicine, Department of Radiology, U.S.C. School of Medicine, Los Angeles, California. 
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liberate norepinephrine. An excess of thyroid 
hormone will prevent the breakdown of nor- 
epinephrine which is irritating to the myo- 
cardium and will induce arrhythmias. It 
is believed that the hemodynamic and metabolic 
changes of thyrotoxicosis are not the result of 
isolated activity of the thyroid hormones but 
rather are due to the physiologic effects of the 
catecholamines which are augmented by the 
thyroid hormones. The effect of norepi- 
nephrine and epinephrine on the heart is greatly 
increased by an increased concentration of 
thyroid hormones. 

An alternative explanation for the high 
incidence of arrhythmias in hyperthyroidism 
is that the augmented venous flow rate to the 
heart stimulates the atrial muscle and produces 
an ectopic focus.** While the frequent oc- 
currence of atrial fibrillation and tachycardia 
of the paroxysmal type in hyperthyroidism is 
not completely understood, it is obvious that 
the increased thyroid hormone causes increased 
excitability of the myocardium and that this 
condition disappears following thyroidectomy. 
Furthermore, Malinow*® demonstrated experi- 
mentally that it was more difficult to produce 
atrial arrhythmias: in animals that were first 
made hypothyroid. 


ACTION OF THE HEART IN HYyPOMETABOLISM 


In hypometabolism the peripheral blood 
flow is diminished. There is an approximate 
linear relationship between the basal metab- 
olism and the peripheral blocd flow.*° The 
cardiac output is reduced because the oxygen 
consumption of the tissues is greatly lessened. 
The capillaries of the skin are deeper so that 
less heat is dissipated. The circulating blood 
volume is probably diminished because heat is 
conserved in myxedema and this demands a 
reduced peripheral blood flow.*® Because of 
the slowing of the peripheral blood stream, 
there is greater oxygen utilization by the 
tissues and thus a greater arteriovenous oxygen 
difference. This reduces the energy expenditure 
of the heart and, consequently, the cardiac 
output and the work of the heart in hypo- 
thyroidism are diminished. In myxedema the 
heart is more efficient than normally. Less 
cnergy is utilized in exercising than by a normal 
subject. The pulse rate is slow in myxedema 
probably because of the diminished venous flow 
rate.%° 

Pathologic changes have been noted in the 
myocardium in myxedema.” The heart size 
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is often enlarged due to a pericardial effusion. 
The myocardium may reveal swollen and 
vacuolated muscle fibers with loss of striation. 
Paradoxically, angina and heart failure may 
also be present in the myxedematous patient 
and be relieved by small doses of thyroid. 
Ordinary dosage may cause severe, and often 
fatal, congestive heart failure or angina pec- 
toris.* 


I! IN THE TREATMENT OF ANGINA PECTORIS 
Due TO CoroNARY SCLEROSIS AND AORTIC 
STENOSIS 


In 1933, Blumgart, Levine, Berlin and their 
co-workers'~* demonstrated that surgical in- 
duction of a hypothyroid state may relieve 
intractable angina pectoris. In 1950, Blumgart 
et al. demonstrated that induction of hypo- 
metabolism by radioactive iodine may also 
alleviate angina pectoris. Their studies dem- 
onstrated that 67 per cent of patients treated 
had worth while or excellent results.'’ Jaffe 
et al.'* reported that 93 per cent of their patients 
treated with I'*! had excellent or good results. 

In still another unreported series of 102 
patients with arteriosclerotic heart disease 
treated with I'*' for severe angina, we have 
noted that eighty-seven patients benefited from 
radioactive iodine treatment.“* We have noted 
equally effective results in patients with angina 
pectoris due to aortic valvular disease (Case 
1). 

The technic of treatment is simple. Al- 
though I’*! has a physical half life of eight days, 
it may take two to three months to lower the 
metabolism and relieve the angina. 

Adverse Effects: There are few adverse effects 
from this form of treatment. Hemorrhage into 
the thyroid substance has occurred immediately 
after treatment in patients who are receiving 
anticoagulants. Very often a transient hyper- 
thyroidism occurs in the first few days or weeks 
after treatment with radioiodine.’ This may 
result in temporarily increased anginal dis- 
comfort. For this reason, it has been suggested® 
that the initial dose of radioactive iodine be a 
small one and the course of treatment be divided 
so that the patient receives five or six treat- 
ments over a period of four weeks. It has also 
been suggested”* that the undesirable effect of 
such a release of excessive thyroid hormone 
into the circulation may be prevented by 
treating the patient first with antithyroid 
drugs. These drugs deplete the gland of stored 
hormone and larger doses of radiation can then 
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Fic. 1. Case 1. Roentgenogram showing left ven- 
tricular enlargement. 


be delivered safely to the thyroid gland without 
danger. In our recent series of ninety-nine 
patients only two died before the two month 
course of treatment was completed. 

Often in treating patients with radioactive 
iodine, metabolism may be lowered too much 
and myxedema results. The annoying symp- 
toms of induced myxedema required treatment 
with thyroid substance. It is a paradox that the 
more hypothyroid the patient is, the less thyroid 
extract he can tolerate. If the metabolism is 
then elevated too much, the anginal pain again 
returns. We have found that a dose of 6 to 15 
mg. of thyroid a day is usually sufficient to 
restore the metabolism to a level where the 
patient again is quite comfortable. 

The anginal pain may return in some of the 
patients a few years after treatment because the 
thyroid gland regenerated or because of in- 
creased coronary artery narrowing. We have 
administered a second and third course of 
radioiodine for recurrent angina in subsequent 
years with equally gratifying results. 

Induced Hypometabolism and Serum Cholesterol: 
One might question whether it is wise to induce 
hypometabolism in the patient with coronary 
artery disease for it is well known that the lipid 
pattern of hypometabolism is usually greatly 


disturbed, and it is believed by many that the 
increased serum cholesterol of hypothyroidism 
may further increase coronary arteriosclerosis. 
Blumgart’’ has reviewed this problem and 
demonstrated that the hypothyroid state is 
not necessarily sufficient to cause the production 
of atherosclerosis. One thirty-five year old 
male with rheumatic heart disease treated with 
radioiodine for congestive failure developed a 
very high blood cholesterol of between 280 
to 400 mg. per 100 ml. for a four year period 
after radioactive iodine treatment. He died of 
pneumonia and autopsy demonstrated no 
narrowing of the coronary vessels. In the future 
it may be possible to lower the hypercho- 
lesteremia induced by I'* therapy by the 
administration of several new thyroid analogs 
which may have little effect on the heart or 
body metabolism. We have noted that these 
substances do reduce blood cholesterol with 
little disturbing effect on the thyroid sensitive 
myocardium when used in controlled dosage. ** 

Causes for Relief of Anginal Pain: The induction 
of a hypometabolic state lessens the frequency of 
anginal pain and increases the patient’s tol- 
erance to exercise mainly because the require- 
ments for cardiac work are minimized following 
reduction in body metabolism. It is also 
possible that the patient’s pain threshold has 
been elevated by the treatment so that he does 
not perceive pain. Other explanations have 
been offered such as a decrease in sensitivity of 
the cardiovascular system to adrenergic me- 
diators or an increased rate of development of 
intercoronary arterial collateral circulation." 
We have noted an improvement in the per- 
sonality of many patients following induction 
of hypometabolism. Cardiologists are well 
aware of the fact that emotional tension induces 
angina and thus a lessening of emotions may 
reduce anginal attacks. 


Use or [*! ror THE TREATMENT OF HEART 
FAILURE 


Blumgart et al.!? demonstrated that radio- 
active iodine was beneficial in the treatment of 
congestive failure in 54 per cent of their patients. 
We also have noted beneficial effects from this 
treatment, chiefly in patients with left heart 
failure due to arteriosclerosis and rheumatic 
heart disease. 


Case 7: This thirty-seven year old dentist com- 
plained of precordial distress and episodes of nocturnal 
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dyspnea. There was a history of rheumatic valvular 
disease, predominantly aortic stenosis and _ in- 
sufficiency, and mild mitral stenosis since early 
childhood. He was raised in Madrid, Spain, where 
he had been practicing. He had recurrent episodes of 
precordial pain accompanied by attacks of shortness 
of breath which greatly limited his activities. He 
had been taking digitalis and nitroglycerin for years. 
During the month prior to examination, he had 
experienced six episodes of precordial distress 
accompanied by dyspnea. These epidoses usually 
came in the night after he had fallen asleep. 

On examination, the cardiac rhythm was normal; 
the rate was 86 beats per minute. Blood pressure was 
146/70 mm. Hg. There were loud systolic and 
diastolic murmurs at the base of the heart and a 
diastolic rumble at the apex. A roentgenogram 
revealed marked enlargement of the left ventricle 
(Fig. 1). The blood iodine was 5.2 wg. per cent. 
Radioactive iodine uptake was 27 per cent at twenty- 
four hours. 

Therapy: He was placed at complete bed rest and 
diuretic therapy was administered twice a week. 
The attacks of nocturnal dyspnea continued even 
though he was at rest for three weeks, on a salt- 
free diet and fully digitalized. These measures 
having failed, it was decided to lower his metabolism 
by the administration of 38 mc. of radioactive iodine 
in divided doses. Following this, the attacks con- 
tinued for a three month period and then gradually 
diminished in frequency and intensity. By the fifth 
month he was completely free of angina and dyspnea 
and was able to return to full active practice. His 
physicians report that he has been normally active 
for the past three years and that he remains free of 
angina and dyspnea. 


Comment: This is a patient with rheumatic 
heart disease, aortic stenosis and insufficiency 
and mitral stenosis, who had angina and 
nocturnal dyspnea which were completely 
relieved by the administration of radioactive 
iodine. We have not noted the same degree of 
success in patients with right heart failure. 
In many instances of the latter, the failure 
became more profound following induction 
of hypothyroidism. 


Use or ['*! ror THE TREATMENT OF CARDIAC 
ARRHYTHMIAS 


RECURRENT TACHYCARDIAS AND ATRIAL 
FIBRILLATION 


In the euthyroid patient, recurrent tachy- 
cardias often occur which are resistant to all 
forms of preventive therapy. We have demon- 
strated** that paroxysmal atrial fibrillation and 
tachycardia and ventricular tachycardia may 
be prevented in the euthyroid patient if the 
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metabolism is lowered with radioactive iodine. 
In two patients the reduction in metabolism 
had no effect on premature systoles. We also 
treated a series of patients with propylthiouracil, 
but found that such a large dose of this anti- 
thyroid drug was required to reduce the metab- 
olism that adverse effects such as agranulocytosis 
and skin rashes often resulted. In a series of 
thirty-nine patients treated with radioiodine, 
the attacks were prevented or markedly reduced 
in thirty-three but the treatment failed in 6 
patients. It usually took three months for the 
radioactive iodine to reduce the metabolism 
sufficiently to prevent paroxysms. The metab- 
olism usually had to be lowered significantly for 
the treatment to be effective. In two instances 
the attacks recurred unless a myxedematous 
state was maintained. 

It is difficult to understand why lowering 
metabolism in these patients prevented re- 
currences of tachycardia because clinical tests 
such as radioactive iodine uptake, serum protein- 
bound iodine, basal metabolism and_ the 
clinical appearances of the patients indicated 
that they were not hyperthyroid prior to treat- 
ment. Most of our patients had arteriosclerotic 
heart disease but some had complained of the 
recurrent attacks of tachycardia since early 
childhood thirty-five years before the treatment. 
It is possible that in these patients there was 
increased liberation of the catecholamines 
from the sympathetic nerve endings in the 
myocardium, or a normal amount of thyroid 
substance in their myocardium was sufficient to 
prevent the amine oxidase from metabolizing 
the catecholamines. This would cause an 
increased irritating catecholamine effect in the 
myocardium. It is theorized that when the 
metabolism was lowered, the amine oxidase was 
not inhibited so that the epinephrine and 
norepinephrine content of the myocardium was 
reduced. 


Case 2: This patient was a sixty-four year old 
office worker whose only complaint was that of 
daily attacks of supraventricular tachycardia. The 
attacks usually came on when arising in the morning 
and lasted for about fifteen minutes. They started 
and stopped abruptly and often caused precordial 
distress. On examination his blood pressure was 
124/86 mm. Hg. The heart sounds were normal and 
the lungs were clear. He had none of the symptoms 
or signs of thyrotoxicosis. The electrocardiogram was 
normal. The chest roentgenogram revealed a heart 
of normal size and configuration. 

Therapy with Propylthiouracil: Attempts were made 


3 

lee 

iy 

4 

1 


956 Hypometabolic Treatment of Heart Disease 


— — 
Boon 


BB 20m 


PROPYLTHIOURACIL 


upTaAKE % 20 18 30 


BLOOD IODINE 53 68 62 


48 37 


WEIGHT (LBS) 07 110 


MONTHS 4 8 


120 (26 123 128 
40 


Fic. 2. Case 2. Graph of case history demonstrating effects of therapy with propylthiouracil and radioactive iodine 


on recurrent attacks of supraventricular tachycardia. 


to prevent the episodes of tachycardia first by the 
administration of quinidine and later with procaine 
amide, digitalis, rauwolfia derivatives and sedation 
but the attacks continued. Therefore, he was given 
600 mg. of propylthiouracil daily (Fig. 2). At this 
time his radioactive iodine uptake was 33.4 per 
cent at twenty-four hours. The basal metabolic 
rate was —10 and —12 percent. The blood iodine 
was 4.6 wg. per cent. The weight was 117 pounds. 
Ten weeks later the episodes of tachycardia had 
subsided (Fig. 2). The dose of propylthiouracil was 
then reduced to 300 mg. a day. Within a three week 
period the attacks returned every third or fourth 
day. For this reason the dose of propylthiouracil was 
again raised to 600 mg. aday. Three weeks later the 
attacks again subsided and the patient felt completely 
comfortable. At this time, however, the white blood 
count dropped to 1,760 per cu. mm. and the pro- 
pylthiouracil was therefore discontinued. Within a 
ten day period, the attacks of tachycardia recurred 
and were as severe as previously. 

Radioiodine Therapy: ‘Thirty mec. of radioactive 
iodine was then administered in divided doses of 5 
mc. twice a week. The white blood count returned 
to normal within a three week period.. Within 
eight weeks the episodes of tachycardia stopped 
altogether and did not return until approximately one 
year later. At this time infrequent episodes of 
tachycardia recurred. The radioactive iodine uptake 
was now 30.4 per cent, indicating that the thyroid 
gland had regenerated somewhat. The blood iodine 
level was 4.8 ug. per cent and the patient’s weight was 
117 pounds. Because it was believed that thyroid 
activity had recurred, he was given another 30 mc. 
of radioactive iodine in divided doses. Following this 
treatment there have been no attacks of tachycardia 
for a period of two and one-half years. He com- 
plained of a dry skin, coldness and lethargy and was 
therefore given 6 mg. of thyroid twice a day. This 
has corrected the symptoms of myxedema and he has 
not had any return of the tachycardia. 


Comment: This is a sixty-four year old man 
who experienced daily episodes of tachycardia 
which were prevented by the administration of 
large doses of propylthiouracil. This drug had 


to be stopped because it caused leukopenia. 
Radioactive iodine was then administered and 
prevented the attacks for a year. However, 
thyroid activity returned and a few episodes of 
tachycardia recurred. A second course of 
radioactive iodine was then given and has 
resulted in the disappearance of episodes of 
tachycardia for a further two and one-half 
year period. 


Case 3: The patient, a sixty-two year old woman, 
complained of frequent attacks of palpitation 
followed by faintness and chest pain. The episodes 
started one year previously and were unrelated to 
physical effort or emotional strain. Within a few 
minutes of onset, she would experitnce severe chest 
pain which radiated down the left arm. She often 
fainted during these paroxysms. During one typical 
attack an electrocardiogram revealed ventricular 
tachycardia (Fig. 3). For about twenty-four hours 
subsequent to this episode the electrocardiogram, 
which usually was normal, revealed S-T segment 
depressions and T wave inversion. An attempt was 
made to prevent the recurrent episodes of ventricular 
tachycardia by the administration of quinidine, 
procaine amide and sedatives. These agents failed 
and it was decided to lower her metabolism in order 
to prevent further recurrences of these serious epidoses 
of ventricular tachycardia. The basal metabolic 
rate was +4 and +2 per cent; the blood iodine 
level was 5.4 wg. per cent. The radioactive iodine 
uptake was 22 per cent at twenty-four hours. The 
resting electrocardiogram was normal but the Master 
two-step test was positive. A chest roentgenogram 
demonstrated a heart of normal shape and size. 

Propylthiouracil Therapy: She was given 600 mg. of 
propylthiouracil a day and within eleven weeks the 
attacks abated and disappeared completely. When 
it was noted that suppression of her white count had 
occurred, the propylthiouracil was stopped. Within 
a two week period the attacks returned. 

Radioiodine Therapy: She was then given 31 mc. 
of radioactive iodine in divided doses. Nine weeks 
following the administration of radioactive iodine, the 
attacks disappeared completely and have not recurred 
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during the last four years. She complained of 
coldness, fatigue and increased lacrimation; there- 
fore, she was given 6 mg. of thyroid daily to correct 
the symptoms of myxedema. The administration of 
thyroid was continued for a ten month period and 
then was stopped. Since the small doses of thyroid 
were administered, she has felt well and has had no 
complaints for the last four years. The blood iodine 
is now 4.6 wg. per cent and the basal metabolic 
rate —6 and —8 %. The radioactive iodine uptake 
is 18 per cent at 24 hours. 


Comment: This is an example of a euthyroid 
patient with recurrent attacks of ventricular 
tachycardia which were prevented when the 
patient’s metabolism was lowered first with 
propylthiouracil and subsequently with radio- 
active iodine. 


UNCONTROLLED CHRONIC ATRIAL 
FIBRILLATION 


We have treated eight patients with chronic 
atrial fibrillation with rapid ventricular rates. 
In each instance the patient was euthyroid and 
we could not control the ventricular rate by the 
administration of digitalis. When the metab- 
olism was lowered in these patients, the ven- 
tricular rate was slower and could be readily 
controlled with small doses of the digitalis 
glycoside or none at all. 


Case 4: The patient, a seventy-seven year old 
woman, complained of recurrent episodes of dyspnea 
and precordial pain which radiated into the left arm. 
The chest pain was brought on when she walked a 
half block and was usually relieved by nitroglycerin. 
In the three weeks prior to examination, she had 
taken 200 tablets of nitroglycerin, 0.4 mg. for the 
relief of chest pain. In addition, she had been quite 
dyspneic on exertion and had had a disturbing cough 
for two months. 

Examination revealed a woman who could not lie 
flat on the examining table because of dyspnea. Her 
cardiac rhythm was completely irregular; the 
ventricular rate was 117 per minute. A loud systolic 
murmur was noted at the apex and there were rales 
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Fic. 3. Case 3. Electrocardiogram (lead m) prior to, 
during and after episode of ventricular tachycardia. 


in both lung bases. The liver was enlarged to three 
fingerbreadths below the costal margin; there was 
no ankle edema. Because of the gross irregularity of 
the pulse, it was difficult to record an accurate blood 
pressure; however, she was not hypertensive 

The electrocardiogram revealed auricular fibrilla- 
tion, ventricular rate 140 per minute (Fig 4). The 
S-T segments were depressed in leads rand u. The 
T wave was diphasic or inverted in leads 1, n, aVL, 
aVF and V; to Vs. Attempts were made to slow the 
ventricular rate by increasing the dose of digitalis 
but this induced disturbing nausea. The patient 
was unable to tolerate more than 0.25 mg. of gitalin 
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Fic. 4. Case 4. Electrocardiogram showing atrial fibrillation. 


and B, after radioiodine treatment. 
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Fic. 5. Case 5. Teleoroentgenogram showing gen- 
eralized cardiac enlargement. 


a day. The ventricular rate could not be slowed 
despite the use of mercurial diuretics, chlorothiazide, 
salt-free diet and complete bed rest. 

Radioiodine Therapy: After six weeks of this intensive 
treatment, the rapid ventricular rate persisted and the 
congestive cardiac failure did not improve. The 
radioactive iodine uptake at this time was 32.6 per 
cent at twenty four hours; the blood iodine was 6.4 
ug. per cent. The patient was then given 29.51 
me. of I'*' in divided doses over a four week period 
in an attempt to slow the ventricular rate and prevent 
the angina. 

Within a three month period the radioactive 
iodine uptake diminished to 1.7 per cent and the 
patient stated that she did not require as many 
nitroglycerin tablets for pain. The ventricular rate 
slowed to about 90 per minute and she no longer 
required the twice weekly mercurial injections to 
prevent the dyspnea. Six months later her radio- 
iodine uptake had risen to 32 per cent and she was 
given a further dose of 12 mc. of I*!. 

For the next two years after treatment she was 
completely free of angina and dyspnea and felt very 
well. The pulse rate remained about 72 per minute 
and she no longer required digitalis to control the 
ventricular rate (Fig. 4). The radioactive iodine up- 
take was 16 per cent. She appeared to be euthyroid 
except that her eyelids were a little puffy. 


Comment: ‘This arteriosclerotic patient had 
chronic auricular fibrillation with a rapid 
ventricular rate, angina of effort and congestive 


A BEFORE 


B 3 MONTHS AFTER TI3l 


Fic. 6. Electrocardiogram; A, before, B, three months 
and C, seven months after radioiodine therapy. Note 
slowing of ventricular rate and subsequent reversion to 
norma] sinus rhythm. 


heart failure. The ventricular rate could not be 
slowed because. of digitalis sensitivity. When 
her metabolism was lowered with radioactive 
iodine, the ventricular rate slowed and the 
angina and congestive failure disappeared. 


Case 5: A sixty-four year old woman, with known 
rheumatic mitral and aortic valvular disease since the 
age of nineteen, complained of shortness of breath 
and palpitation. These symptoms had increased in 
severity in the four years prior to examination. 
During this time, the pulse rate was rapid and could 
not be slowed by digitalis. 

Examination showed enlargement of all cardiac 
chambers (Fig.5). There was a systolic murmur at the 
apex and aortic areas and a diastolic murmur at the 
base of the heart. The blood pressure was 148/60 
mm. Hg. The cardiac rhythm was irregular. An 
electrocardiogram (Fig. 6) revealed atrial fibrillation 
with a ventricular rate of 114 per minute and left 
ventricular hypertrophy. The protein-bound iodine 
was 6.4 wg. per cent; the radioiodine uptake at 
twenty-four hours was 32 per cent. 

Therapy: The ventricular rate could not be slowed 
with digitalis therapy and attempts to convert the 
arrhythmia with quinidine failed. Therefore, the 
patient was given 32 mc. of radioactive iodine in 
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divided doses. Within a three month period the 
ventricular rate slowed to 76 per minute and digitalis 
was discontinued (Fig. 6). This patient has been 
followed for an additional two year period. The 
most recent protein-bound iodine level was 4.1 
ug. per cent. There have been no recurrences 
of the rapid arrhythmia. Six months after the radio- 
iodine treatment the rhythm spontaneously converted 
to sinus rhythm and has remained regular for the 
last eighteen months. At present there is no evidence 
of congestive failure and the patient feels well. 


Comment: This is a sixty-four year old woman 
with rheumatic valvular disease and auricular 
fibrillation with a rapid ventricular rate. 
Because the rate could not be controlled with 
digitalis, she was made slightly hypometabolic 
with radioactive iodine. Following this treat- 
ment the ventricular rate slowed, and within a 
six month period the fibrillation converted 
spontaneously to regular sinus rhythm. 

Blumgart*® demonstrated that chronic au- 
ricular fibrillation was often converted to 
regular rhythm when euthyroid patients were 
treated with radioactive iodine. We have also 
noted this in two of our rheumatic patients with 
giant atria who had chronic auricular fibrillation 
for four and seventeen years, respectively. 
These patients were given radioactive iodine 
because the ventricular rate could not be 
controlled with digitalis. When the metab- 
olism was lowered with radioactive iodine, 
they spontaneously converted to regular sinus 
rhythm. 


SUMMARY 


1. The induction of the hypometabolic state 
with radioactive iodine in the euthyroid patient 
is often effective in controlling (1) severe angina 
pectoris due to coronary arteriosclerosis or 
rheumatic heart disease; (2) congestive heart 
failure; (3) recurrent tachycardia and (4) 
uncontrolled chronic auricular fibrillation. 

2. Other antithyroid drugs are also effective 
in the treatment of these conditions but the 
effective dosage is so large that adverse toxic 
effects often occur. 
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Report on Therapy 


Use of a Long-Acting Quinidine Preparation 
in the Reversion of Atrial Fibrillation’ 


J. T. STEwartT, M.D. 


University City, Missouri 


ECENTLY, Bellet et al.’ reported the study 
R of a long-acting quinidine gluconate 
preparation compounded in tablet form, with 
a specially processed hydrogenated vegetable 
oil base so that the drug may be released gradu- 
ally. Whereas oral ingestion of a single dose of 
regular quinidine preparations led to a peak 
plasma concentration in from one to three hours 
and negligible amounts at the end of twenty-four 
hours, the peak concentration after a single 
oral dose of the long-acting preparation was 
reached in four and four-fifths hours and 
plasma quinidine was still present in amounts 
averaging 1.07 mg./L. after twenty-four hours. 
This paper gives the results of the use of this 
long-acting quinidine gluconate preparation 
in the reversion of atrial fibrillation. Such a 
preparation would have the advantage of a 
simple dosage schedule both in therapeutic 
trials and maintenance medication. In addi- 
tion, a sustained plasma concentration may be 
more successful in effecting the reversion of 
atrial fibrillation than the fluctuating levels 
found with the use of shorter-acting prepara- 
tions. 


METHODS AND MATERIALS 


Patients with electrocardiographically confirmed 
atrial fibrillation were considered candidates for quin- 
idine reversion. The cause, duration of atrial fibrillation 
and/or a previously attempted reversion was not consid- 
ered acontraindication. In addition to initial investiga- 
tion, including electrocardiographic and roentgeno- 
graphic examination of the chest, thyrotoxicosis was spe- 
cifically excluded by determinations of either protein- 
bound iodine or radioactive iodine uptake. 

A total of eighteen patients with atrial fibrillation 
received the long-acting quinidine gluconate prepara- 


tion. Fifteen were between the ages of fifty-seven and 
seventy-seven years, all of whom were found to have 
arteriosclerotic heart disease with the exception of a 
sixty-five year old man with luetic aortic insufficiency. 
Four of the fifteen had complicating hypertension; 
however, none had evidence of recent myocardial 
infarction. The three remaining patients were men in 
the mid-thirties with the valvular lesions of inactive 
rheumatic heart disease. Two had mitral stenosis pre- 
dominantly while the third had aortic stenosis only. 
Because of the small number of patients, no attempt to 
analyze results in terms of ages or causes was believed 
justified. 

The duration of atrial fibrillation could not be de- 
termined in all patients. The range, however, was from 
two weeks to eight years. Five had had arrhythmia for 
three months or less, four for two to three years and two 
for eight years. Thirteen of the eighteen patients had 
manifestations of congestive heart failure prior to the 
attempted reversion. 

Each patient was tully digitalized before reversion was 
attempted. In addition to improvement in cardiac de- 
compensation, a ventricular rate of 90 per minute or 
less was attained in each patient. On the day before 
long-acting quinidine gluconate therapy was begun, a 
test dose of quinidine sulfate was given. It should be 
pointed out that the anhydrous quinidine content is 
82.6 per cent of quinidine sulfate and 62.3 per cent of 
the long-acting preparation. 

Dosage: The drug schedule used for attempted 
reversion was as follows: (1) The initial dosages were 
0.6 gm. (two tablets) of the long-acting quinidine 
gluconate administered every eight hours for three 
days, making a total of nine doses. (2) If reversion to 
sinus rhythm did not take place during this period and 
no evidence of toxicity was present, the dose was in- 
creased to 0.9 gm. administered every eight hours. One 
exception occurred in the schedule and will be described 
under ‘‘Results.”’ 

All patients were followed up by frequent clinical and 


{+ This preparation was supplied by the Wynn 
Pharmacal Co., Philadelphia, Pennsylvania, as Quin- 
aglute Dura-tabs S.M. 


* From the Cardiovascular Division, Department of Internal Medicine, Washington University School of Medi- 
cine, St. Louis, Missouri. This work was aided by a grant from the Wynn Pharmacal Co., Philadelphia, Pennsylvania. 
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electrocardiographic examinations. Maintenance 
dosage of quinidine gluconate after reversion was 0.6 
gm. administered twice a day. 


RESULTS 


In all but one of the seventeen patients who 
received the long-acting quinidine gluconate 
according to the schedule outlined previously, 
normal sinus rhythm was ultimately restored. 
Seven had reverted on or before the third day of 
therapy; an additional seven had reverted 
between the fourth and sixth days. Another 
patient was found to have normal sinus rhythm 
on the eighth day. In one seventy-two year 
old man in whom reversion had failed to occur 
by the ninth day, a staphylococcal abscess neces- 
sitated prolonged hospitalization. He was 
given 0.9 gm. of the long-acting preparation 
every eight hours, and reverted to normal 
on the twentieth day. An additional patient 
to the seventeen reported on herein was a 
fifty-four year old woman in whom reversion 
was attempted with quinidine sulfate. After 
she had received a maximum of 0.6 gm. of quini- 
dine sulfate every two hours for five doses, 
atrial fibrillation persisted and she was given 
a maintenance dose of 0.6 gm. of long-acting 
quinidine gluconate twice a day. One week 
later sinus rhythm was restored. One of the 
seventeen patients included in this series also 
reverted to normal with the long-acting prep- 
aration after quinidine sulfate medication had 
failed. 

The one therapeutic failure occurred in a 
thirty-seven year old man with rheumatic 
aortic valvular disease in whom runs of ventric- 
ular tachycardia developed on the eighth 
day of therapy. This ventricular arrhythmia 


represented the only serious toxic effect en- 


countered. One patient developed moderate 
gastrointestinal symptoms and another com- 
plained of tinnitus. In each case the complaint 
disappeared promptly after successful reversion 
and reduction of medication to a maintenance 
dosage. None of the patients who reverted 
to sinus rhythm displayed electrocardiographic 
evidence of toxicity. 

Because of the small number of patients in this 
series no comparison with other reports can be 
made. Our results are encouraging, however, 
and warrant further use and evaluation of the 
agent in the termination of atrial fibrillation. 


SUMMARY 


A specially compounded quinidine gluconate 
preparation is now available which has been 
shown by quantitative measurement to attain 
significantly prolonged therapeutic serum quini- 
dine levels. A clinical study to evaluate spe- 
cifically the efficacy of this compound in the 
reversion of atrial fibrillation was performed in 
eighteen patients with electrocardiographically 
confirmed atrial fibrillation. 

In all but one of the patients the arrythmia was 
successfully reverted to normal sinus rhythm. 
In only one patient did evidence of quinidine 
toxicity develop which necessitated termination 
of therapy without successful reversion. 

It is believed that the results of this series are 
encouraging and the long-acting quinidine 
preparation utilized has definite value as an 
antifibrillatory agent. 
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Case Reports 


2:1 Bundle Branch Block’ 


Classification with Special Reference to the 
Critical Heart Rate 


Harry VESELL, M.D. and JuLEs LEVINE, M.D. 
New York, New York 


Fae there had been previous reference 
to 2:1 bundle branch block,'~* the 
first comprehensive and convincing report of 
this condition was made by Leinbach and 
White in 1928.45 It is extremely rare and its 
existence has even been questioned. Only a 
few cases were found in the literature by Boyer 
in 19397 and by Sandberg et al. in 1951.8 A 
form of intermittent bundle branch block, its 
mechanism may be concerned with critical 
rate phenomena,*" especially because of the 
2:1 pattern. Also, true cardiac alternans or 
alternation may be involved. It is our purpose 
to describe a case of 2:1 bundle branch block, 
the thirteenth such case in the literature and the 
first with a twelve lead electrocardiogram of this 
pattern, briefly review the cases previously 
reported and discuss its mechanism, especially 
in regard to critical rate. 


CasE REPORT 


A. B., a sixty-two year old white man was first ad- 
mitted to Beth Israel Hospital, on May 10, 1957, be- 
cause of increasing congestive heart failure and pain 
in the chest. He had had a myocardial infarction 
two years previous and since that time had been 
experiencing increasing fatigue, dyspnea on effort, 
paroxysmal nocturnal dyspnea, orthopnea and 
edema of the ankles. One week prior to admission 
these symptoms grew worse and he began to have 
constricting pain in the chest. He had rarely con- 
sulted his physician and digitalis was taken only 
sporadically. 

On physical examination he appeared acutely ill and 
short of breath. His pulse rate was 96 per minute, 


respirations 30 per minute; temperature was 99°F. 
The veins in the neck were markedly distended when 
the patient was in the sitting position. There was 
dullness with absent breath sounds at both lung bases 
and moist rales up to the clavicles. The point of 
maximal cardiac impulse was at the left anterior 
axillary line in the sixth intercostal space. The heart 
rate was regular with sounds of normal intensity. Ae 
equalled P, and no murmurs were heard. The blood 
pressure was 124/94 mm. Hg. The liver was pal- 
pable 5 cm. below the costal margin and was moder- 
ately tender; the spleen was not palpable. There was 
4 plus pitting edema of the extremities but no club- 
bing or cyanosis. 

Laboratory Data: There was moderate leukocytosis 
of 15,800 but the sedimentation rate was normal. 
The serum transaminase (GOT) was 28 units. The 
venous pressure in the antecubital vein was 240 mm. 
saline, rising to 340 mm. on right upper quadrant 
pressure. The arm-to-tongue circulation time with 
Decholin® was prolonged to 29 seconds. Teleroent- 
genogram of the chest revealed a generally enlarged 
heart and the presence of increased bronchovascular 
markings and bilateral pleural effusions. The electro- 
cardiogram taken on admission showed changes 
typical of myocardial infarction of the posterior wall. 

Course: The treatment consisted of bed rest, a low 
sodium diet, Mercuhydrin and small doses of digoxin, 
0.25 mg. daily, in view of the unknown state of digi- 
talization. There was a weight loss of 8 pounds on the 
first hospital day. On the second day, a severe cough 
developed with hemoptysis and the patient’s tem- 
perature rose to 102°r. Bilateral tenderness of the 
calf was present at this time and a positive Homans’ 
sign. Because of suspected pulmonary embolism, 
the femoral veins were ligated. Anticoagulants were 
thought contraindicated because of a past history of 
“stomach ulcer” and “tarry” stools. Right thora- 


* From the Cardiographic Laboratory and Department of Medicine, Beth Israel Hospital, New York, N. Y. 
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Fic. 1. Electrocardiogram, May 12, 
complete 1:1 bundle branch block. 


1957, showing 


centesis was performed and 1,200 cc. of straw 
colored fluid was removed. 

Tachycardia of 144 per minute was noted in the 
electrocardiogram, with the pattern of right bundle 
branch block. When the cardiac rate slowed to 139 
per minute, the right bundle branch block pattern 
was present only on alternate beats. Subsequent 
electrocardiograms, all with cardiac rates of less than 
139 per minute, failed to show the right bundle branch 
block. Despite therapy for congestive heart failure 
and pulmonary infarction the patient became in- 
creasingly dyspneic and cyanotic and died on the 
seventh hospital day. Permission for an amogy was 
not granted. 


ELECTROCARDIOGRAMS 


The first electrocardiogram was taken on May 10, 
1957. There was regular sinus rhythm with a rate 
of 100. QRS was 0.08 second. Significant Q and 
negative —T waves were present in leads nm, m and 
aVF, the initial 0.04 second frontal QRS vector and 
the T vector pointing away from the inferior surface 
of the left ventricle. S waves were absent in lead 1, 
and in V, there was an rS. The electrocardiogram 
obtained on May 11, 1957 showed no significant serial 
changes. The next day, May 12, the heart rate sud- 
denly increased to 144 per minute and a right bundle 
branch block pattern appeared in the tracing (Fig. 1). 
The P waves and P-R intervals were normal. A 
total of 134 ventricular complexes were recorded in 
the routine twelve leads. All were of the right bundle 
branch block pattern. Cycle lengths were 0.405 to 
0.42 second (Figs. 1 and 3). 

One hour later another electrocardiogram was 


per minute. 


Fic. 2. 
bundle branch block. 


Electrocardiogram one hour after Figure 1; 2:1 


taken (Fig. 2). The cardiac rate was approximately 
The wide QRS complexes of 0.12 
second alternated with those of normal width, 0.08 
second. A total of 138 ventricular complexes were 
recorded, all consistent with 2:1 bundJe branch block. 
Cycle lengths were 0.42 to 0.435 second (Fig. 3). 
At the more rapid heart rate bundle branch block oc- 
curred with each beat (1:1) and at the slightly less 
rapid rate there was 2:1 bundle branch block. The 
critical cardiac rate was 142, with complete 1:1 
bundle branch block* at rates of 148 to 142 per 
minute and 2:1 block at 142 to 137 beats per minute. 
For the period of 2:1 bundle branch block, the 
length of the cycles immediately preceding the normal 
beats was compared with the length of the cycles pre- 
ceding the blocked beats. No significant differences 
were found. Three tracings were taken later (Fig. 4); 
the cardiac rates were 100, 107 and 115 per minute, 
respectively. All QRS complexes were of normal 
duration, 0.08 second. ; 


REVIEW AND DiscussION 


Early® it was thought that partial bundle 
branch block analogous to partial A-V 
block did not occur or was extremely rare. 
This was because of the small time interval (to 
0.04 second) in which increments of bundle 
branch block could occur, the impulse then 
arriving from the contralateral side of the 


* Complete 1:1 bundle branch block is used to denote 
total block in a main bundle branch for each of a series 
of beats; without the 1:1 it refers to the individual beat 
only, that the QRS interval is 0.12 second or more. 
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bundle branch block and in 2:1 bundle branch block. 
Ordinates denote number of cycles, abscissas cycle 
lengths in seconds. Unbroken line denotes limb leads, 
broken line precordial leads. Crosses represent observa- 
tions on the twelve lead electrocardiogram taken on 
May 12, 1957 (Fig. 1A) with complete bundle branch 
block 1:1; open circles represent observations on the 
electrocardiogram taken one hour later (Fig. 2) with 
2:1 bundle branch block. Cycle lengths for 1:1 bundle 
branch block range from 0.405 to 0.420 second, those 
for 2:1 bundle branch block from 0.420 to 0.435 second. 


ventricular septum. In partial A-V block the 
corresponding interval can be as much as one 
second, twenty-five times as long." Later, 
however, instances of 2:1 bundle branch 
block were observed. In most cases this 
pattern of block was seen for very brief periods, 
about fifteen to twenty-five cycles, in response to 
exercise, vagus pressure or drugs. In a search 
of the literature we have been able to find only 
twelve acceptable cases of 2:1 partial bundle 
branch block with regular sinus rhythm, and in 
some of these the electrocardiographic illustra- 
tions were not wholly satisfactory.’!* Earliest 
references were by Winterberg! and Wencke- 
bach and Winterberg;? the alternation was 
shown in a series of twenty and twelve cycles, 
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are of normal duration. 


There was considerable variation 
in P-P, P-R and R-R intervals due to A-V 
heart block; also, aberration of the “normal” 
QRS of the alternation and ratios other than 
2:1. These cases therefore were not included 
in our review. 

Of the thirteen accepted cases (Table 1), 
seven patients were women and six were men; 
ages ranged from forty-three to eighty-five 
years. Hypertension was common, being 
noted in nine cases; in six the systolic pressure 
was 200 mm. Hg or more. Hypertensive or 
arteriosclerotic heart disease was diagnosed in 
eleven cases. Hyperthyroidism and _hyper- 
parathyroidism were each present in one 
patient. Cardiac failure was observed in six 
patients. Digitalis was known to be taken at 
the time of the alternation in three patients, 
atropine in one and corphyllamine (euphyllin) 
in one; vagus pressure and/or exercise was 
utilized in four. 

The type of bundle branch block was con- 
sidered left-sided (presently accepted termi- 
nology) in ten cases. Most of the reports were 
made before 1944 and only three standard leads 
were recorded. A tall R wave in lead 1 and a 
deep S wave in lead mm were present; in 
none of the ten was there a significant S wave in 
lead 1. In two cases the block was right-sided 


HHH 
| 
| 
Cee 
dy 
By 
‘ 
| 
tT | 


2:1 Bundle Branch Block 


TABLE I 
Thirteen Reported Cases of 2:1 Bundle Branch Block 


Age (yr.) 


Diagnosis 
and Sex 8 


Failure 


Cardiac 


Bundle 
Branch 
Block 


P-R (sec ) 


Leinbach and HCVD 
White* 


Stenstrom’ 


65,M 


43,F HCVD 


Kelly 61, F HCVD 


Donath" 50, F HCVD 

HCVD 

AMI 

Hyper- 
thyroidism 

HCVD 


Master et al. 47, F 


Boyer’ 64,M 


Rasario'® 66,M 


Geill” 85,M HCVD 


Kisch and AMI 
Grishman!® 
Sandberg 


et al. 


47,M. 


ASHD 

Hyperpara- 
thyroidism 

HCVD 


57,M 


Sandberg 52,M 
et 
Shearn and 


Rytand” 


CVA 
HCVD 


60,M 


ASHD 
AMI 


Vesell and 
Levine 


62,M 


Left .12-0.13(N) 
.14-0.16(B) 
.16(N) 97 


.17-0.18(B) 


Left 


Left 0.12-0.16 140 


Left 0.14 136 


Left 0.16-0.18 103-111(N) 
97-103(B) 
136-140 


Left Normal 


Left Normal 95-100 


0.12(N) 100 


0.14(B) 


Unknown 


Left 0.16 100 


Left 0.16 107 


Right 0.14-0.16 139 


Left 0.14-0.17 103-107 


Right 0.13 137-142 


HCVD = hypertensive cardiovascular disease; ASHD 


B = QRS is wide. 


and in one the QRS waves were concordant in 
the three limb leads. 

The recorded duration of the 2:1 bundle 
branch block was from six to 138 cycles, most 
often between fourteen and twenty-five. In one 
case the alternation was said to have continued 
for five minutes and in another for eight minutes. 
The cardiac rates during the period of 2:1 
bundle branch block were from 95 to 140 per 
minute. This was always a change from the 
rate during the period preceding or following 
the alternation when electrocardiograms were 
noted for these periods. 

Electrocardiograms for the period preceding 
the alternation were reported in nine Cases. 
In five of these complete 1:1 bundle branch 
block was present, one with a faster cardiac 
rate, three with a slower rate and in one the 
rate was not stated. In the other four of these 


= arteriosclerotic heart disease; N = QRS is normal; 


nine cases unstable bundle branch block was 
present with a critical heart rate for transitions 
between normal and prolonged intraventricular 
conduction; slower in two, faster in one and un- 
known in one. 

Electrocardiograms for the period following 
the alternation were recorded in twelve of the 
thirteen cases. Complete 1:1 bundle branch 
block was present in two, both with slower 
cardiac rates. In seven the intraventricular 
condition time was normal, all with a cardiac 
rate slower than during the 2:1 bundle branch 
block, in three there was unstable bundle 
branch block, all with a critical heart rate 
slower than the rate during the alternation. 

During the period of 2:1 bundle branch block 
the alternate ventricular complexes with the 
normal QRS intervals frequently had an ab- 
normal configuration. In these marked left 
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Preceding Succeeding 
Conduction Conduction Remarks 
(cycles) and Rate and Rate 
30 and 27 Unknown BBB 1:1 T., Te inverted with normal 
95 QRS 
Less than 1 Unstable bundle branch Unstable bundle branch 2:1 bundle branch block after 
minute block critical rate 82-85 block slower digitalis, vagus pressure and 
exercise 
22 Unknown Bundle branch block 1:1 Bundle branch block 1:1 after 
105 digitalis 
**5 min.” 6 cycles | Bundle branch block 1:1 Normal, slower 2:1 bundle branch block after 
recorded corphyllamine I-V 
16 Bundle branch block 1:1 Normal Bundle branch block for 4 
95 85 weeks 
“8 min.” Bundle branch block 1:1 Normal, slower 2:1 bundle branch block after 
100-103 atropine I-V 
14 Unstable bundle branch block Normal Bundle branch block other 
97-100 90 than 2:1 with vagal pressure 
26 Normal in 1926 Normal Intermittent bundle branch 
80 block with exercise or atro- 
pine 
21 Bundle branch block 1:1 Not given **True cardiac alternation” 
20 and 27 Unstable bundle branch Unstable bundle branch | Blood calcium 
block; critical rate 78 block; critical rate 85 12-16 mg. 
14 Bundle branch block 1:1 Normal 2:1 bundle branch block fol- 
* 109 71 lowed 2 step test 
9 Unstable bundle _ branch Unstable bundle branch 3:1 and 4:1 bundle branch 
block block; critical block also present 
rate 83-94 
138 Bundle branch block 1:1 Normal Critical rate for 2:1 bundle 
142-148 100-115 branch block 


AMI = acute myocardial infarction; CVA = cerebrovascular accident, probably hemorrhage. 


axis deviation of mean QRS was common. Q 
waves significant of myocardial infarction of the 
posterior wall were present in the electro- 
cardiogram with an aVF lead; T waves in 
leads 1 or 11 were frequently inverted, in some 
as secondary changes, part of a left ventricular 
hypertrophy and strain pattern, in others as 
primary RS-T changes due to digitalis or 
myocardial ischemia. Alternation of heart 
sounds with the 2:1 bundle branch block was 
noted by Leinbach and White,‘ and by Kelly® 
who found no alternation in blood pressure. 


CLASSIFICATION OF PARTIAL BUNDLE BRANCH 
BLOCK 


Bundle branch block in general has been 
Classified like A-V block into incomplete, 
partial and complete.”*.6 Partial bundle branch 
block has been divided into type 1 (Wencke- 
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bach) in which the QRS complexes gradually 
increase in width to that indicating complete 
blockage through one main bundle branch, and 
type u (Hay) with dropped “beats,” 2:1: 3:1, 
4:1, etc. bundle branch block, without transi- 
tional QRS complexes. 2:1 bundle branch 
block may be a form of partial bundle branch 
block, either type 1 (rarely if ever seen and 
proved) or type 11.1920 

Group 1 (Alternation in Cardiac Rate): The 
cases of 2:1 bundle branch block reviewed in 
this report can be divided into three groups on 
the basis of specified changes in cardiac rate. 
Accordingly, group 1 consists of those cases in 
which, during the alternation, the cycle pre- 
ceding each QRS complex of normal width is 
longer than the cycle preceding the adjacent 
wide QRS. The conditions for the changes in 
conduction here are the same as in ordinary 
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intermittent bundle branch block, i.e., induced 
by fatigue, vagus or sympathetic effects, rate, 
chemical and nervous changes. The role of a 
critical heart rate has been described®”! and 
recently emphasized.’ An unstable state be- 
tween conduction and block is believed present 
in the His-Tawara system, usually due to 
disease. In this setting an increase or decrease 
in cardiac rate can trigger the bundle branch 
block. An effective rate change has been found 
to be as little as one beat per minute or less 
than 0.01 second per individual beat at a 
cardiac rate of 100. The transition from conduc- 
tion to block or vice versa most often occurs 
within the interval of just one cycle, and it can 
take place many times within a minute. Aux- 
omerous condition has been suggested.” Fried- 
man pointed out that heart rate is never 
absolutely constant even at rest and that in 
pulsus alternans careful measurement of the 
cycle length often showed prematurity of the 
weaker beats.”” This occurred in six or eight 
of his own cases and in many reported by 
others. He indicated that at a rapid heart 
rate slight alternation in cycle length may 
contribute to the development of mechanical 
alternation. Such alternation in cardiac rate 
may be responsible for alternation of conduction 
in group 1. By calculation this variation in 
rate should be at least 0.03 second or more when 
the QRS of bundle branch block is 0.12 second 
and the normal QRS 0.08 second.** However, 
observations in ordinary intermittent as well 
as 2:1 bundle branch block indicate it can be 
less than 0.03 second.”%1%?3 Some or all of 
this variation in alternate cycle length is in 
duration of systole or QRS interval. 

If in 2:1 bundle branch block only half the 
number of impulses 
bundle branch or its defective portion, this 
part should have a recovery period twice as 
long as for the contralateral bundle. This 
should be the basis for a stable and persistent 
2:1 bundle branch block. The alternation 
should be perpetuated even with a constant 
cardiac rate or with paradoxical rate change.” 
It should be frequent as is 2:1 A-V_ block. 
But 2:1 bundle branch block is infrequent. 
Its great rarity, according to Wilson, is due to 
the fact that in bundle branch block the im- 
pulse is not prevented from reaching the 
farther side of the region of impaired 
conductivity. Arriving from contra- 
lateral side within 0.04 second, he believed it 
would allow no improvement in the conductivity 


traverse the fatigued. 


of the region of block as a result of failure of the 
impulse to traverse it.6 However, the exact 
pathway and type of conduction beyond the 
site of block in a main bundle branch still 
does not appear to be definitely established. 
Recent pertinent and elaborate investigations by 
Scher**6 and Sodi-Pallares”’*8 and their col- 
leagues, and reasonings by Grant” are in 
substantial disagreement concerning this path- 
way in specific conduction and in common 
myocardial tissue in bundle branch _ block. 
Elucidation of the definite mechanism of 2:1 
bundle branch block awaits a better solution of 
the problem of intraventricular conduction in 
common bundle branch block. 

Group 1 is not true alternans. The 2:1 
arrangement is fortuitous based on small but 
adequate variations in rate of individual beats 
and critical rate phenomena. In the case of 
Boyer’ fourteen cycles of 2:1 bundle branch 
block are shown (his Fig. 3) in which by our 
measurements cycle lengths preceding the 
normal QRS were 0.44 to 0.45 second, and 
before the wide QRS 0.41 to 0.43 second. Each 
cycle before a normal QRS was 0.02 to 0.03 


’ second longer than the preceding cycle before 


the wide QRS. This case and one reported by 
Slater of 3:1 and 4:1 bundle branch block’ fit 
in the category of group 1. 

Group 2 (Alternation Due to Supernormal Recovery 
Phase): Group 2 consists of cases of 2:1 bundle 
branch block in which the cycle preceding the 
normal QRS complex is regularly shorter 
than the one preceding the adjacent wide 
QRS. The cardiac rate is about 100 per 
minute. The alternate normal ventricular con- 
duction (normal QRS) can be explained by the 
supernormal phase of recovery,'.*" the slightly 
faster rate of alternate beats being just suitable 
for this. The supernormal recovery phase has 
been calculated at about 0.40 to 0.64 second 
after the onset of QRS.*” Alternation due to 
supernormal recovery phase has been reported 
for A-V conduction in a small number of 
cases.*1,38 One of the aforementioned cases'® 
of 2:1 bundle branch block had the character- 
istics of group 2. During the period of alterna- 
tion the cardiac rate was about 100 (103 to 111) 
for the cycles immediately preceding the 
normal QRS, and 97 to 103 before the bundle 
branch block complexes. Cycles were 0.02 
to 0.08 second shorter before the normal 
complexes, so that at intervals of 0.54 to 0.58 
second the QRS complexes were more within 
the supernormal recovery phase. In the case 
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of Rasario’ also, during the alternation the 
cycle preceding the wide QRS complex was 
longer than that before the QRS complex of 
normal width and the cardiac rate was about 
100. Others of the above thirteen cases might 
have fallen into group 1 or 2 if some of the 
illustrations were better technically so that more 
precise measurements could be made. 

Group 3 (True Cardiac Alternans): Group 3 is 
composed of cases of 2:1 bundle branch block 
in which the cycles are of constant length or in 
which they are inconsistently longer or shorter 
in relation to the two types of QRS complexes. 
In this group belong the instances of true 
cardiac alternans where there is no clear 
explanation for the mechanism of the 2:1 
pattern such as in groups 1 and 2, and the 
regular alternation in two consecutive beats is 
not due to alternation of the time sequence. 
Alternation in bioenergetics of the heart and 
‘“‘alternans predisposition’”” have been described 
for inotropic processes.*4*5 Such chemical, 
electrical or mechanical changes may affect not 
only muscle: contraction but also velocity of 
conduction and excitability*® to produce a 
state of partial refractoriness of the conduction 
fibers, favorable for 2:1 intraventricular block. 
Kahn* had been able to produce a combination 
of pulsus alternans with alternation of bundle 
branch block by injection of glyoxalic acid in 
dogs. Katz** thought 2:1 intermittent intraven- 
tricular block a variant of ordinary electrical 
alternans. More recently, Kleinfeld et al.*® 
have reported alternation of the membrane 
action potential of ventricular fibers of the 
frog heart following the administration of 
thyroxine or tri-iodothyronine, or after acute 
anoxia. They observed alternation of different 
phases of the membrane action potential, 
occasionally simultaneous with alternation in 
the isometric tension record. Bing and his 
colleagues also recorded alternation in height 
of action potential associated with alternation 
(concordant) of contractions. They employed 
single cardiac muscle fibers of guinea pig 
ventricle to which aconitine had been applied 
and tachycardia produced. Of special note 
was that each fiber punctured during the 
alternation showed action potentials with every 
beat, making it unlikely that some myocardial 
cells take part in every second beat only and are 
refractory during the alternate cycle as fre- 
quently assumed. 

Group 3A: In group 3 there are two sub- 
groups. In group 3A the whole period of 2:1 
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bundle branch block occurs at a faster cardiac 
rate than the period of normal intraventricular 
conduction and at a slower rate than the 
complete 1:1 bundle branch block. The 
refractoriness or responsiveness of the affected 
bundle branch is further influenced by changes 
in cardiac rate for the whole period of 2:1 
block rather than by variations in rate just for 
the individual beats as in groups 1 and 2. It is 
thus more closely allied to 2:1 A-V_ block. 
Though it is frequently difficult to eliminate 
variations in rate as a contributory cause of 
the partial block in the cases of group 3A, the 
chief mechanism of the 2:1 bundle branch block 
in some cases in this group may be that of 
true cardiac alternation unrelated to changes in 
heart rate.’® Electrocardiograms taken prior 
to the alternation were available in nine and 
postalternation tracings were available in twelve 
of the thirteen cases. Complete 1:1 bundle 
branch block with a faster cardiac rate was 
present in one of these. Persistently normal 
intraventricular conduction time with a slower 
cardiac rate or unstable bundle branch block 
with a slower critical rate was present in seven 
others; thus eight cases could be placed in 
group 3A. Two of the eight cases (Master et 
al.45 and Rasario"*) belong in group 2. 

Group 3B consists of those cases in which the 
period of partial 2:1 bundle branch block 
occurred at a faster heart rate than the period of 
complete 1:1 bundle branch block as in the 
case of Boyer.’ His explanation of the 2:1 
block, concurred in by Ashman,** was as 
follows: During the complete 1:1 bundle 
branch block each impulse passed far enough 
into the damaged branch at each cycle to 
retain some degree of refractoriness. With the 
rise in cardiac rate from 100 to 140 per minute, 
high and complete refractoriness resulted with 
complete blockage of the impulse. Therefore, 
recovery of the area was not interrupted so the 
next beat could pass. This was followed by 
complete refractoriness for the third beat and 
thus the 2:1 rhythm of bundle branch conduc- 
tion continued while the rate remained high. 
Because of aforementioned reasons, in particular 
those of Wilson® and of Bing, and especially 
the extreme rarity of 2:1 bundle branch block, 
such explanation is difficult to accept. The 


_ mechanism of 2:1 bundle branch block in 


group 3B remains obscure. 

In the available pre- and postalternation 
tracings complete 1:1 bundle branch block with 
a cardiac rate slower than during the alternation 
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was present in four cases. One of these four 
(Boyer?) had been placed in group 1. Con- 
sistently normal intraventricular conduction 
time at a faster rate and unstable intraventricular 
conduction with a faster critical rate were not 
observed. There were thus three cases in group 
3B. 

Comment: The above findings suggest some 
correlation between 2:1 bundle branch block 
and cardiac rate. At least three cases demon- 
strated the presence of alternation of block 
with alternation of rate for individual beats. 
Many showed a correlation between 2:1 
bundle branch block and changes in cardiac 
rate for the whole period of alternation compared 
to the rate when the intraventricular conduction 
was normal for each beat. The small number of 
cases available do not allow more . general 
conclusions on the relationship between chrono- 
tropism (variations in rate) and dromotropism 
(variations in conduction) in 2:1 bundle 
branch block. 


SUMMARY 


A case of 2:1 bundle branch block is described. 
All 138 consecutive ventricular complexes 
recorded in the routine twelve lead electro- 
cardiogram were of this pattern. Only twelve 
other acceptable cases of 2:1 bundle branch 
block were found in a review of the literature. 
A synopsis of these is given. The mechanism of 
production of 2:1 bundle branch block is dis- 
cussed, especially in regard to critical rate 
phenomena, theories of the site of delay in 
bundle branch block and especially in regard 
to the great rarity of 2:1 bundle branch block. 
The cases of 2:1 bundle branch block are 
classified into three groups on the basis of 
specified changes in cardiac rate. 
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Lymph Node Compression of the Pulmonary 


Artery Causing a Continuous Murmur’ 


Hucu S. Levin, and RicHarp W. Boortn, M.D. 


Columbus, Ohio 


INCE THE CLAssIc description of the con- 
S tinuous murmur in patent ductus arteriosus 
by Gibson! in 1900, numerous causes of con- 
tinuous murmurs have been described (Table 1). 


TABLE I 


Some Conditions in Which Continuous Murmurs Have 
Been Described 


1. Communications between high and low pressure sys- 
tems 
A. Extracardiac 
1. Aortic-pulmonary artery communications 

. Patent ductus arteriosus! 

. Aorticopulmonary fenestrations? 

Surgical anastomoses*:* 

. Rupture of congenital or acquired 
aneurysms of the sinus of Valsalva into the 
pulmonary artery® 

2. Arteriovenous fistulas 
a. Congenital 
1. Pulmonary® 
2. Wall of the chest? 
3. Subclavian artery and vein® 
b. Acquired’ 
1. Traumatic 
2. Mycotic 
B. Partially intracardiac 
1. Rupture of congenital or acquired aneurysms 
of sinus of Valsalva into various cardiac chambers? 
2. Communications between the coronary ar- 
teries and the cardiac chambers” or the coronary 
sinus!! 
3. True truncus arteriosus 
4. Complicated congenital defects with multiple 
anomalies!” 
Dilated channels 
A. Venous hum 
1. Children’* 
2. Thyrotoxicosis 
3. Cirrhosis"® 
4. Mammary souffle’® 
B. Collateral arterial channels 
1. Coarctation of the aorta” 
2. Pseudotruncus (pulmonary atresia)"® 
m1. Partial constriction of a vessel 
A. Aortic arch syndrome!® 
B. Segmental stenosis of pulmonary artery” 


It is the purpose of this paper to report a case 
in which such a “Gibson”? murmur arose from 
extrinsic compression of the left’ pulmonary 
artery by an enlarged lymph node, a heretofore 
unreported cause of continuous murmur. The 
location and character of the murmur suggested 
the diagnosis of patent ductus arteriosus. 


CaAsE REPORT 


An eighteen year old white woman was admitted 
to University Hospital on August 14, 1959, because 
of dyspnea. She had been in excellent health until 
one year before admission when she noted the onset 


‘of attacks of dyspnea characterized by slow, deep 


respirations associated with a sensation of severe 
shortness of breath. These episodes lasted approxi- 
mately five minutes and initially occurred once every 
two to three months. They had increased in fre- 
quency, however, and by the time of admission were 
occurring as often as three to four times in twenty-four 
hours. At first, her family physician considered 
these attacks hysterical in nature, but several weeks 
before admission a heart murmur was heard. 

There were no other cardiorespiratory symptoms. 
Birth, growth, development and activity were normal. 
There was no previous knowledge of a cardiac mur- 
mur. The patient had lived on a farm in Ohio all 
her life. Her past history was otherwise non-contrib- 
utory. A twenty-four year old sister was under the 
care of a physician for attacks of dyspnea identical to 
those suffered by the patient. Otherwise the family 
history revealed nothing abnormal. 

Physical examination revealed a well developed, well 
nourished young woman in no acute distress. The 
positive findings were limited to the cardiac examina- 
tion. The apex impulse was well localized in the fifth 
left intercostal space within the midclavicular line. 
No thrills were palpable and there was no evidence 
of cardiomegaly. The first heart sound was split 
at the apex. The second pulmonic sound was split 
and was louder than the second aortic sound. There 
was a grade 4, medium pitched, continuous, blowing 
murmur well localized in the second intercostal space 


* From the Department of Medicine and Section of Cardiology, Ohio State University Health Center, Columbus, 


Ohio. 
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Levin and Booth 
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A, posteroanterior teleoroentgenogram showing multiple small calcified nodules throughout both lung fields 


in addition to three nodules, each 1 cm. in diameter, one of which overlies the left pulmonary artery. B, left lateral 
teleoroentgenogram showing one of the larger nodules lying anteriorly behind the sternum and the other two located 


in the hilar region. 


immediately to the left of the sternum, with minimal 
radiation toward the left infraclavicular area. The 
murmur was louder in systole with late accentuation 
and did not vary with position of the head or pressure 
on the stethescope. All pulses were easily palpable, 
the radial and femoral pulses occurring simultaneously. 
Her temperature was 98.6°F., pulse 68 beats per 
minute and regular and respiration 16 per minute. 
The blood pressure was 104/60 mm. Hg in the arms 
and 125/70 mm. Hg in the legs. 

Laboratory Findings: Complete blood count, urinaly- 
sis, blood urea nitrogen, blood sugar, total protein, 
albumin/globulin ratio, antistreptolysin O titer and 
sedimentation rate were normal. Serologic tests for 
syphilis and C-reactive protein were negative. Purified 
protein derivative No. 2 skin test was negative after 
twenty-four and forty-eight hours. The histoplasmin 
skin test (1: 100) was strongly positive. The histo- 
plasmin complement fixation and collodion aggluti- 
nation tests were negative. The electrocardiogram 
was within normal limits. 

Radiographic Findings: A roentgenogram of the 
chest (Fig. 1A) showed numerous calcified nodules 
3 mm. in diameter scattered throughout both lung 
fields. In addition, there were three nodules, each 1 
cm. in diameter, located in the parahilar regions, 
one on the right and two on the left. One of these 
nodules was seen to overlie the left pulmonary artery. 
A lateral view of the chest (Fig. 1B) showed one of the 
nodules lying immediately behind the sternum while 
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the other two were in the hilar region. With cardiac 
fluoroscopy the heart was found to be normal in size 
with no specific chamber enlargement. The pul- 
monary vascularity and pulsations were normal. 
The aorta was normal in size as was the pulmonary 
artery although the overlying calcified nodule gave 
a false impression of enlargement of the left pulmonary 
artery at the first examination. 

Differential Diagnosis: Diagnosis on admission to 
the hospital was patent ductus arteriosus although 
there was some doubt concerning the accuracy of this 
diagnosis. The symptoms appeared to be typically 
psychogenic and in all probability not of cardiac 
origin. The normal electrocardiogram, cardiac 
fluoroscopy and pulmonary vascularity cast further 
doubt on the diagnosis. The murmur, however, al- 
though somewhat higher pitched than the usual 
ductus arteriosus murmur, was continuous and 
characteristic in location. Most of the known causes 
of continuous murmurs were excluded by the physical 
examination, roentgenogram, electrocardiogram and 
the apparent hemodynamic insignificance of the 
lesion. A small communication between the aorta 
and pulmonary artery seemed the most probable 
diagnosis. It was believed that a lesion too small to 
produce demonstrable hemodynamic changes might 
be impossible to demonstrate by cardiac catheteriza- 
tion or aortography. Such a communication could, 
however, be the site of bacterial endarteritis and sur- 
gical exploration was therefore considered advisable. 
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On August 21, 1959, the left 
side of the chest was entered through a posterolateral 


Surgical Findings: 


incision. Dense adhesions were found between the 
anterior segment of the upper lobe of the left lung 
and the parietal pleura. A firm calcified nodule in 
the anterior segment was removed. A calcified 
lymph node measuring 1 cm. in diameter was found 
to overlie and compress the left pulmonary artery at 
which point a continuous thrill was felt. On removal 
of the lymph node, the thrill disappeared. The liga- 
mentum arteriosum, 7 mm. in diameter, was then 

- exposed. No thrill could be felt over it. On section 
there was a small amount of oozing from the severed 
ends but no evidence of patency. At this point in 
the procedure the surgeon was able to reproduce the 
continuous thrill by manual compression of the left 
pulmonary artery at the site of the lymph node re- 
moved previously. ‘The postoperative course was un- 
complicated and the patient was discharged on the 
seventh day following surgery. At no time during the 
postoperative period could a murmur be heard over 
the chest. 

Pathologic examination of both the lung nodule and 
lymph node revealed a cystic structure with a fibrous 
wall containing necrotic cellular material. There 
was no evidence of active inflammation and the 
pathologist believed that the lesion was typical of a 
‘burned-out’ granulomatous process. In view of the 
negative purified protein derivative No. 2 skin test 
and the strongly positive histoplasmin skin test, in- 
active histoplasmosis was considered to be the most 
probable cause of the granuloma. 


Discussion 


In 1956, Myers et al.” presented an experi- 
mental explanation for the continuous murmur 
heard in the aortic arch syndrome. Partial 
ligation of blood vessels in dogs caused only 
systolic murmurs when the collateral vessels 
were intact; but when they, too, were ob- 
structed, continuous murmurs were produced. 
Open collateral vessels insured blood flow into 
the vessel distal to the obstruction sufficient to 
maintain a diastolic pressure equal to that in the 
preximal segment. Collateral ligation low- 
ered the pressure beyond the obstruction re- 
sulting in a constant pressure gradient and hence 
continuous blood flow. In the same paper, 
the authors discussed a case of occlusive disease 
of the lower aorta in which a systolic murmur 
over the vessel was converted to a continuous 
murmur after exercise. It was postulated that 


the vessels distal to the obstruction were emptied 
during exercise and could not be refilled during 
diastole since the collateral circulation was also 
obstructed. The diastolic pressure distal to the 
occlusion, therefore, fell and the constant pres- 


Lymph Node Compression of Pulmonary Artery 


sure gradient resulted in a continuous murmur. 
Eldridge et al.*° in 1957 reported the cases of 
two patients in whom continuous murmurs arose 
from stenotic lesions of the main branches of the 
pulmonary artery. They were able to prove 
by cardiac catheterization that a pressure 
gradient across the constriction existed through- 
out systole and diastole. In a third subject 
with only a systolic murmur a pressure gradient 
was noted only during systole. These investi- 
gators were also able to produce continuous 
murmurs in animals by partial ligation of the 
aorta or pulmonary arteries, and demonstrated 
that such continuous murmurs are produced 
only when the degree of constriction is marked. 
There seems to be little doubt that this con- 
tinuous murmur was caused by external com- 
pression of the left pulmonary artery by an 
enlarged lymph node. The continuous thrill 
over the artery which disappeared with re- 
moval of the lymph node, the reproduction of 
the thrill by manual compression of the vessel, 
the absence of a patent ductus arteriosus and 
the disappearance of the murmur following 
surgery all support this conclusion. Lymph 


‘node compression of the pulmonary artery must 


now be added to the numerous causes of con- 
tinuous murmurs over the chest. 

This condition alone is, in all probability, of 
no clinical significance. Its importance lies in 
the fact that, as in the present case, it may be 
indistinguishable from instances of patent ductus 
arteriosus which are too small to produce the 
typical hemodynamic effects of left ventricular 
overloading. In patients with continuous mur- 
murs and radiologic evidence of lymph nodes 
adjacent to the pulmonary vessels, the diagnosis 
of vascular compression could theoretically be 
made by angiocardiography. 


SUMMARY 


A patient with lymph node compression of 
the left pulmonary artery is presented in whom 
a continuous murmur suggested the diagnosis of 
patent ductus arteriosus. “The numerous causes 
of continuous murmurs are tabulated and the 
mechanism of the production of continuous 
murmurs by vascular narrowing is reviewed. 
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Correction of Congenital Ventricular Septal 


Defect in a Patient with Previous Surgically 


Produced Pulmonary Artery Stenosis’ 


HAROLD MILLs, M.D., F.A.C.c., JEROME HAROLD Kay, M.D., OscAR MAGIDSON, M.D., F.A.C.C., 
Rosert M. ANDERSON, M.D., and ALICE SCHIFF, M.D. 


Los Angeles, California 


N 1952, Muller and Dammann! reported the 
I treatment of large ventricular septal defects 
in children by the creation of pulmonary artery 
stenosis. This procedure decreased the ex- 
cessive pulmonary blood flow which was due to 
the large left-to-right shunt and thereby in- 
creased the left ventricular output by diverting 
more blood systemically instead of through the 
lesser circulation. 

The following is a report of an eight and a half 
year old girl with a large ventricular septal 
defect who, at the age of twenty months, was in 
severe heart failure which was alleviated by the 
creation of pulmonary artery stenosis. Recently, 
when her cardiac status again deteriorated, she 
was operated upon and cured by definitive 
open heart surgery. One other such case has 
been reported by Sirak, Hosier and Clatworthy.2 


CasE REPORT 


M. F. is an eight and a half year old white girl. At 
birth a systolic murmur was heard at the lower 
sternal border, but there was no evidence of heart 


failure. Although mental development was normal, 


her growth and physical development were retarded, 
so that at the age of twelve months she weighed only 
17!/2 pounds and her height was 29%/s inches. At 
fifteen months of age, cardiac failure was present as 
manifested by dyspnea, intolerance to exercise, 
slight cyanosis and a distended liver without ankle 
edema. The patient was unable to stand because of 
dyspnea. The electrocardiogram revealed biventric- 
ular hypertrophy, predominantly right. Roentgeno- 
gram of the chest showed cardiomegaly with a large 
pulmonary artery segment and fluoroscopy demon- 
strated engorged, pulsating pulmonary arteries. 


Angiocardiography demonstrated a large ventricu- 
lar septal defect. Beczuse of the child’s critical condi- 
tion, Dr. J. Frank Dammann recommended creation 
of a pulmonary artery stenosis. On October 13, 1952, 
Dr. William H. Muller, Jr. created a pulmonary steno- 
sis by removing a small wedge of pulmonary artery 
and suturing this area together to narrow the main 
pulmonary artery. In addition, a cellophane band 
was sutured around the stenosis. Pressures recorded 
prior to the creation of the pulmonary artery stenosis 


‘were 63/35 mm. Hg in the main pulmonary artery 


and 87/55 mm. Hg in the aorta. At the completion 
of this procedure the main pulmonary artery pressure 
was 102/78 mm. Hg; the distal pulmonary pressure, 
49/27 mm. Hg; and the right ventrical pressure, 
102/70 mm. Hg. The patient tolerated surgery well 
and began to improve immediately thereafter. 

During thé subsequent five years she was able to 
tolerate moderate activity and attended school where 
she achieved better than average grades. Her 
growth and physical development, while subnormal, 
were markedly accelerated as compared to the pre- 
operative period. During her eighth year she had 
increasing fatigue, cyanosis upon moderate activity, 
loss of appetite and marked intolerance to exercise. 
There was no edema, cough or syncope. Because of 
this course, re-evaluation of her status was recom- 
mended, and she was admitted to St. Vincent’s 
Hospital on February 24, 1959. 

Physical Examination: The patient was a thin, 
somewhat pale, alert and intelligent girl weighing 
47!/2 pounds and measuring 50 inches in height. 
The blood pressure in both arms was 90/65 mm. Hg. 
There was no clubbing and no cyanosis at rest, but 
following exercise dyspnea and_ slight cyanosis 
developed. The venous pressure was not elevated, 
and neither hepatomegaly nor edema was present. 
The lungs were normal and all pulses were present and 
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Fic. 1. The phonocardiogram demonstrates the murmurs at the mitral area 
(MA) and pulmonary area (PA) in relation to the carotid pulse. Note the ejec- 
tion click (X) and the widely split pulmonary second sound (A and P). The 
time interval between vertical markings is 0.1 second. 


equal. Examination of the heart revealed the apex 
beat just beyond the mid-clavicular line. There was 
a moderate right ventricular lift at the left sternal 
border. A systolic thrill was noted parasternally at 
the third and fourth intercostal interspaces; a 
second, more discrete, thrill was present over the 
pulmonary area. Auscultation showed both heart 
sounds to be audible in all areas, and the heart 
rhythm was regular. At the pulmonary area there 
was a wide splitting of the second sound with a 
delayed pulmonary element of normal intensity. 
Along the left sternal border a pulmonary ejection 
click could be heard. A grade 4 pansystolic murmur 
was heard along the parasternal border transmitted 
to the apex, and an ejection type murmur of slightly 
less intensity was at the pulmonary area. A phono- 
cardiogram is shown in Figure 1. 

Chest X-ray and Electrocardiogram: Cardiac x-ray 
films showed a transverse diameter of 10.8 cm. and a 
transthoracic diameter of 20 cm. (Fig. 2). The 
apex of the heart was elevated with an over-all 
configuration of right-sided enlargement. There was 
slight prominence of the main pulmonary artery with 
normal appearing hilar vessels and slightly diminished 
vascularity in the peripheral lung fields. The aorta 
appeared slightly smaller than normal. The electro- 
cardiogram showed marked right ventricular hyper- 
trophy (Fig. 3A). 

Cardiac Catheterization and Angiocardiography: On 
February 29, 1959, right heart catheterization was 
performed. The data obtained at catheterization are 
shown in Table 1. At the same time, selective 
angiocardiography was performed with the catheter 
tip in the subvalvular region of the right ventricle 
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(Fig. 4). The data obtained from these studies 
led to the conclusion that this patient had a large 
ventricular septal defect with slight bidirectional 
shunting and a small effective right-to-left shunt. 
The artificially created pulmonary artery stenosis 
produced a significant gradient from the right 
ventricle to the pulmonary artery. The angio- 
cardiogram accurately shows the stenotic area, 


Fic. 2. Posteroanterior roentgenogram of the chest 
reveals cardiomegaly, predominantly right-sided. 
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Fic. 3. A, the preoperative electrocardiogram (June 10, 1959) shows marked 
hypertrophy of the right ventricle. B, in the postoperative tracing (October 10, 
1959) this has diminished substantially. «: 


about 1.5 cm. in length, and reveals slight dilatation 
of the first inch of pulmonary artery beyond the 
constriction. 

Surgical Treatment: On June 12, 1959, open heart 


TABLE I 
Carptiac CATHETERIZATION FINDINGS 


Oxygen 


Pressure 
= Saturation 


Site of Catheterization Tas) 


Superior vena cava 7.3/2 60 
Left superior vena cava ye 59 
Right atrium 12/2 61 
Right ventricle 100/9 61 
Outflow tract of right ventricle ve 66 
Right pulmonary artery 28/6 69 

rch of aorta 100/62 92 
‘ft ventricle 100/9 93 


‘emic blood flow = 3.06 L./min. 
vonary blood flow = 2.83 L./min. 
ive shunt = 0.23 L./min. right to left. 


surgery was performed. Through a median sternot- 
omy incision, the pericardial sac was opened and 
examination revealed a constriction of the pulmonary 
artery approximately 1!/,cm. long. This was 5 mm. 
distal to the pulmonary valve and the lumen of the 
pulmonary artery at this area was narrowed to 
6 mm. in diameter. The diameter of the pulmonary 
artery was 16 mm. both proximal and distal to the 
constriction. The patient was placed on cardio- 
pulmonary by-pass, the right ventricle was incised 
and the area of constriction of the pulmonary artery 
was opened in a longitudinal direction along the 
former suture line. The piece of cellophane used to 
band the pulmonary artery (Fig. 4B) was completely 
removed, and the incision in the pulmonary artery 
was then sewed in a transverse direction, thereby 
correcting the pulmonary stenosis. A defect, 12 mm. 
in diameter, was present in the membranous portion 
of the ventricular septum. This defect was located 
immediately beneath the aorta behind the tricuspid 
valve. A compressed Ivalon® sponge was sewed into 
the area of defect using interrupted and continuous 
4-0 sutures. The incision in the right ventricle 
was closed and the patient was taken off cardio- 
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imposed cellophane band removed at surgery. 


pulmonary by-pass. Simultaneous pressures were 
taken in the right ventricle, pulmonary artery and 
femoral artery just prior to closure of the chest. 
Although the tracings were not completely satis- 
factory due to technical difficulties, they show a 
significant reduction in the gradient between the 
right ventricle and the pulmonary artery (Fig. 5). 

Postoperative Results: The immediate postoperative 
course was essentially uneventful. Tracheobronchial 
suctioning was necessary during the first three days, 
but the patient gradually regained her strength and 
walked on the fifth postoperative day. There was 
no evidence of cardiac failure. At present, five 
months postoperatively, she is completely asympto- 
matic and tolerates the usual activities of a child her 
age without difficulty. The patient states that she 
can never remember feeling so well and being able to 
do so much. She is now 53 inches tall and weighs 
54'/2 pounds. The low systolic murmur and thrill 
have disappeared and the murmur and thrill over the 
pulmonary area are much less intense. A _ recent 
electrocardiogram (Fig. 3B) reveals diminution of the 
pattern of right ventricular hypertrophy. 


CoMMENTS 


Ventricular septal defects range from the 
tiny, dynamically insignificant lesions to the 
very large ventricular septal defects which, in 
effect, create a single ventricle. The latter 


defects allow direct transmission of left ventric- 
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Congenital Ventricular Septal Defect 


Fic. 4. A, preoperative angiocardiogram demonstrates the pulmonary artery stenosis. 


B, super- 


ular pressure to the pulmonary vasculature. 
It is this condition, namely the large, high 
pressure ventricular septal defect which pro- 
duces disability at birth or shortly thereafter, 
that applies to the subject of this report. 

In general there are two major sources of 
circulatory failure in persons with ventricular 
septal defects: the extremely high pulmonary 
blood flow and increased cardiac work and the 
increased pulmonary resistance leading to 
progressive right ventricular enlargement and 
failure. These two factors are often combined. 
There are at least two possible mechanisms to 
account for the high pulmonary resistance so 
often associated with large defects. First is a 
persistence of the fetal state of the pulmonary 
arteries, implying failure of the thick, muscular 
fetal vessels to involute to the thin arteries of the 
normal state.** Second is the more frequent 
situation in which normal involution from the 
fetal state occurs but is followed by increased 
pulmonary resistance as a reaction to the high 
pressure flow.*56 It is probable that at first 
the pulmonary arteries react with local con- 
striction eventually followed by thickening and 
narrowing of the lumen. In this circumstance 
the high resistance state will develop at a rate 
which varies from case to case, but in general 
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Fic. 5. Simultaneous pressures taken at surgery prior to 
closure of the chest, showing reduction of the gradient 
between the right ventricle and pulmonary artery (lower 
tracing). The time interval between vertical markings 
is 0.1 second. 


this rate is related to the size of the defect. 
The smaller defect with a large gradient between 
the left and right ventricles is less apt to pre- 
cipitate pulmonary hypertension. 

The creation of a pulmonary artery stenosis 
would probably be of value in infants with a 
common ventricular ejectile force and a large 
pulmonary blood flow leading to heart failure, 
for this procedure would divert left ventricular 
output away from the lesser circulation, thereby 


‘provement following surgery. 


producing more effective systemic and coronary 
artery blood flow. In those cases associated 
with increased pulmonary vascular resistance 
due to reactive vasospasm or failure of involution 
of fetal type arteries, an artificial pulmonary 
artery stenosis would probably “‘rest” the 
peripheral pulmonary arteries and prevent the 
subsequent development of irreversible vascular 
sclerosis and thickening and might possibly 
produce involution of the previous changes. In 
those cases where marked late obliterative 
vascular changes have already occurred, the 
value of this procedure is questionable. Al- 
though the site of increased resistance would be 
shifted from the peripheral pulmonary arteries 
to the proximal artery, it remains to be deter- 
mined whether right ventricular failure would 
ensue before possible reversal of peripheral 
obliterative changes has occurred. 

In the case reported herein, the chief value 
derived from the creation of a pulmonary 
artery stenosis was the decrease in pulmonary 
blood flow with alleviation of the pulmonary 
congestion and an increase in systemic flow as 
expressed by the rapid and pronounced im- 
Pressures re- 
corded at surgery demonstrated only moderate 
pulmonary hypertension at least in part the 
result of increased pulmonary blood flow, 
while the biopsy specimen of the lung obtained 
at the time of the initial surgery revealed only 
minimal pulmonary arteriosclerosis and dif- 
fered slightly from the biopsy specimen taken 
during the patient’s second completely-cor- 
rective open heart surgery (Fig. 6). 

In summary, it would appear that the creation 
of a pulmonary artery stenosis might be indicated 
in the very small child weighing less than fifteen 
pounds, in whom there is a pronounced left- 
to-right shunt, when it is believed that the 
patient would not survive and reach fifteen 
pounds or more for open heart surgery. It is 
in this situation that the relatively simple 
procedure of creating a pulmonary artery 
stenosis might be used as a palliative operation 
to be followed at a later date by definitive 
surgery. The value of this procedure has not 
been determined in those cases where increased 
pulmonary vascular resistance is the primary 
cause of difficulty. 


SUMMARY 


A report is given of a patient with a large 
ventricular septal defect, in whom the creation 
of an artificial pulmonary artery stenosis at the 
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Fic. 6. A, the biopsy specimen of the lung taken at the time the pulmonary artery stenosis was created shows minimal 
pulmonary arteriolar sclerosis. B, the biopsy specimen taken seven years later is essentially normal. x 150. 


age of twenty months reversed severe heart 
failure and allowed her to live a reasonably 
normal life for the subsequent five years. At 
the age of eight years, cardiac failure once 
again presented a threat and the patient was 
completely cured by definitive open heart 
surgery. 

The creation of a pulmonary artery stenosis 
may be considered in tiny infants with this 
condition who are under fifteen pounds and who 
are in circulatory failure because of increased 
pulmonary blood flow associated with dimin- 
ished systemic blood flow. 
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Ruptured Intracranial Aneurysm Associated 


with Coarctation of the Aorta 


Report of a Patient Treated by Hypothermia and 
Surgical Repair of the Coarctation* 


ME vin J. SCHWARTZ, M.D. and Ivan D. BARONOFSKY, M.D., F.A.C.C. 


New York, New York 


N THE PAST, the association of a ruptured 
I intracranial aneurysm with coarctation of 
the aorta has been almost invariably fatal. 
Increased awareness of this problem and the 
early use of arteriography may allow more 
patients to be correctly diagnosed antemortem. 
Antihypertensive drugs, hypothermia, safer 
anesthesia and better neurosurgical and thoracic 
surgical technics should greatly improve the 
previously grave prognosis of patients with 
this condition. 

The following case is believed to be the first 
such case in which hypothermia was utilized 
and in which the coarctation was surgically 
repaired during the acute phase of intracranial 
bleeding. 


CasE REPORT 


V. G., a fourteen year old white male of -Italian 
descent, was admitted to the hospital on June 5, 
1958, because of a syncopal episode on the day prior 
to admission. 

Past History: The patient had a normal birth and 
development. At six years of age a cardiac murmur 
was heard for the first time and two years later hyper- 
tension was discovered. The patient was referred to 
the Pediatric Clinic for further evaluation. His 
general appearance seemed normal. Blood pressure 
in the right arm was 168/110 mm. Hg and in the 
left arm 160/100 mm. Hg. No blood pressure could 
be obtained in the lower extremities. Examination 
of the heart revealed a loud harsh basal systolic 
murmur which was transmitted to the neck and to 
the left axilla. The pulmonic second sound was 
greater than the aortic second sound. Femoral 
pulses were diminished bilaterally; the popliteal 
and pedal pulses were not palpable. There was no 
cyanosis or clubbing. Fluoroscopic and roentgeno- 


graphic examination of the chest revealed a normal 
cardiac contour, localized dilatation of the aortic 
knob and slight notching of the ribs. An electro- 
cardiogram showed right axis deviation but no cham- 
ber hypertrophy. A diagnosis of coarctation of the 
aorta was made, and it was decided to observe the 
patient in the clinic and to schedule him for surgery 
at a later date. 

The child remained entirely asymptomatic al- 
though his blood pressure ranged from 140/80 to 
160/90 mm. Hg. Roentgenograms of the chest 
in 1955 revealed left ventricular hypertrophy and 
marked notching of the ribs (Fig. 1). The boy’s 
parents were repeatedly urged to bring the child 
into the hospital for corrective surgery, but they were 
reluctant to do so because of his apparent excellent 
state of health. 

Present History and Clinical Findings: On June 4, 
1958, the patient exhibited bizarre behavior in school 
and fainted while walking home. He was found 
unconscious in the street. There was no evidence 
of head trauma, tongue biting or clonic movements 
of the extremities. He regained consciousness 
spontaneously, and was admitted to another hospital 
for observation. That evening he became lethargic, 
vomited several times and complained of dull frontal 
headache. The next morning he was transferred to 
The Mount Sinai Hospital. 

On admission to the Pediatric Service he appeared 
irritable and drowsy but he was well oriented. The 
blood pressure in the right arm was 156/100 mm. 
Hg, in the left arm, 148/94 mm. Hg. All other vital 
signs were normal. The left border of cardiac dull- 
ness extended to the anterior axillary line. The mur- 
murs were unchanged from previous examinations. 
A systolic thrill was palpated over the right carotid 
artery. The aortic second sound was louder than the 
pulmonic second sound. Visible prominent pulsa- 
tions were noted in both axillas and in the intercostal 
grooves of the lateral chest wall. Neurologic exam- 


* From the Departments of Pediatrics, Medicine and Surgery, The Mount Sinai Hospital, New York, N. Y. 
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ination revealed the deep tendon reflexes to be 
hypoactive. Minimal nuchal rigidity was present; 
however, the straight leg raising test was negative. 
There was a right extensor plantar response. During 
the ensuing four hours the patient became more 
drowsy and meningeal signs increased in intensity. 

Lumbar puncture revealed an initial pressure of 270 
mm. H,O and grossly bloody cerebral spinal fluid. 
Microscopically, both fresh and crenated red blood 
cells were seen. The supernate was xanthochromic. 
The protein content was 390 mg. and the sugar was 
46 mg./100 ml. Cultures of the spinal fluid were 
negative. A complete blood count, fasting blood 
sugar, blood urea and electrolytes were normal. 
A trace of albumin and an occasional granular cast 
were present in the urine. Blood culture and 
tuberculin skin test were negative. Electrocardio- 
gram and chest x-ray film were unchanged from 
previous examinations. The clinical impression was 
coarctation of the aorta complicated by hypertension 
and acute subarachnoid hemorrhage. 

Clinical Course: The patient’s neurologic status 
remained unchanged for four days; then his con- 
dition became worse (Fig. 2). He complained of 
headache, appeared more drowsy and the me- 
ningeal signs increased. Concomitantly, blood pres- 
sure and temperature rose steadily. An electro- 
encephalogram showed diffuse slowing, most marked 
in the right posterior cerebral region, less strongly 
accentuated in the left temporal region. On the 
fifth day his temperature reached 104°F., and blood 
pressure rose to 190/120 mm. Hg. Reserpine, 
(4 mg.) was given intramuscularly, and the blood 
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Posteroanterior chest film illustrating bilateral 
notching of the ribs and left ventricular hypertrophy. 


Fic. 1. 


pressure fell to 146/70 mm. Hg. Blood pressure was 
maintained at this level for the next four days by 
oral reserpine, 0.25 mg. four times a day. On the 
sixth hospital day he experienced a brief episode of 
mental confusion. A bilateral Babinski response was 
noted at this time. Lumbar puncture revealed an 
initial pressure of 270 mm. H,O. The cerebral 
spinal fluid was pink; the supernate was xantho- 
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Fic. 2. Course under hypothermia. 
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Fic. 3. Left carotid arteriogram. 


B 


A, frontal projection showing an aneurysm at the level of the takeoff of the anterior 


cerebral, middle cerebral and posterior communicating arteries. There is spasm of the surrounding vessels. B, 
Lateral view demonstrating the aneurysm and associated narrowing of the distal portion of the carotid syphon which 


probably represents associated spasm. 


chromic. Fresh and crenated red blood cells were 
seen, and the protein content of the fluid was 170 
mg./100 ml. 

Hypothermia: The deterioration in the patient’s 
neurologic condition, the rising temperature and the 
continued presence of fresh red blood cells in the 
spinal fluid indicated that the patient was continuing 
to bleed from his initial hemorrhage, or that he had 
suffered a recurrent hemorrhage. For this reason 
hypothermia was instituted on the eighth hospital 
day (Fig. 2), and it was hoped that this measure would 
decrease cerebral edema, arterial spasm and cerebral 
anoxia as well as lower the systemic blood pressure. 
Refrigeration was carried out by means of a Thermo- 
rite hyper-hypothermic apparatus, a rubber mattress 
filled with a circulating current of alcohol and water 
which could be cooled or warmed to the desired 
temperature. The patient’s extremities were covered 
with ice packs. Premedication was 100 mg. seco- 
barbital (Seconal®) and 27.5 mg. promethazine 
(Phenergan®) intramuscularly. During the initial 
six hours of cooling the patient received 300 mg. 
secobarbital, 40 mg. promethazine, 100 mg. chlor- 
promazine (Thorazine®), and 35 mg. meperidine 
(Demerol®) intravenously in divided small doses. 
After a rectal temperature of 32°c. had been ob- 
tained, the child required only small doses of these 
drugs (100 mg. secobarbital and 10 mg. chlorpro- 
mazine) at six hour intervals to aid in maintaining a 
steady state. The hypothermic procedure was with- 
out incident, except for an initial marked shivering 
response, with an associated rise in blood pressure 


to 200/100. This reaction was readily overcome 
with suitable doses of the above mentioned drugs. 
Continuous rectal temperatures were ‘recorded by a 
thermocouple unit, and rectal temperature was main- 
tained between 32°%c. and 33°c. for the ensuing 
forty-eight hour period. 

On the ninth hospital day, with the patient still 
hypothermic, bilateral carotid arteriography was per- 
formed. This revealed an aneurysm located at the 
junction of the terminal portion of the left internal 
carotid artery and its branches, the left middle cere- 
bral, the left anterior communicating artery and the 
left posterior communicating artery (Fig. 3). Simul- 
taneous roentgenograms revealed the kidneys to be 
well outlined by the contrast material and to be of 
normal configuration. 

Operative Procedure and Postoperative Course: It was 
believed that the coarctation should be corrected 
first, thus achieving a permanent normotensive state 
and making subsequent neurosurgical repair of the 
ruptured aneurysm a safer procedure. On the tenth 
hospital day a thoracotomy was performed under 
continued hypothermia. An 8 mm. length of 
narrowed aorta was noted immediately below the 
origin of the ductus arteriosus. The constricted 
area was resected and aortic continuity was restored 
by an end-to-end anastomosis. On _ pathologic 
examination, the coarcted portion of the aorta was 
hour-glass in configuration, and its lumen admitted 
a probe of 1 mm.in diameter A thickened, narrow 
ductus arteriosus opened into the aorta less than 1 
mm. proximal to the coarctation. A filamentous 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 

¢ 

A 
Le. 
. 

Alls 
Ment 

Wand 


Ruptured Intracranial Aneurysm 985 


Fic. 4. Lateral view of vertebral arteriograms showing 
an additional aneurysm of one of the posterior cerebral 
arteries. 


probe could be passed through the lumen of the 
ductus. 

Hypothermia was discontinued immediately after 
surgery, and the postoperative period was uncom- 
plicated. Blood pressure remained at normal levels 
(120/80 mm. Hg compared with a blood pressure 
of 156/100 mm. Hg on admission), and his neuro- 
logic status steadily improved. The only residual 
neurologic deficits were a left Horner’s syndrome 
attributed to surgical trauma and dysesthesia and 
diminished vibration sense in the toes, which were 
probably due to the ice packs used in hypothermia 
or to previous ischemic changes. 

Lumbar puncture ten days after surgery was 
normal and gradual ambulation was begun. Com- 
plete re-evaluation of the patient’s status was planned 
with future neurosurgical intervention in mind. 
However, on the thirtieth hospital day the patient 
experienced a severe headache which was followed 
by a left-sided convulsion and subsequent coma. 
Physical examination revealed bilateral Babinski 
signs and generalized flaccidity. The blood pressure 
rose from 120/80 to 270/170 mm. Hg and respira- 
tions were slow and irregular. 

Lumbar puncture disclosed grossly bloody spinal 
fluid with an initial pressure of 500 mm. Attempted 
carotid arteriography was unsuccessful, but a verte- 
bral arteriogram demonstrated an aneurysm of one of 
the posterior cerebral arteries (Fig. 4). The patient 
died on the following day. Permission for post- 
mortem examination was not obtained. 


COMMENTS 
REVIEW OF LITERATURE 


Thirty-one autopsied cases of congenital 
intracranial aneurysms associated with coarc- 
tation of the aorta have been previously re- 


NOVEMBER 1960 


ported.!~*® Our case and another have been 
proved by bilateral carotid arteriography. 

Incidence: The incidence of congenital in- 
tracranial (berry) aneurysms associated with 
coarctation of the aorta has been reported to 
be 3.3 per cent, i.e., in ten cases among 304 
coarctations proved by autopsy.*®:** The inci- 
dence of berry aneurysms unassociated with 
coarctation has ranged from 0.65 to 1.1 per 
cent.”* Congenital intracranial aneurysms have 
been reported to occur more frequently in 
women.” Chason and Hindman found the 
ratio of women to men to be 2:1 in their recent 
series.** However, men preponderate 4:1 or 
5:1 among patients with coarctation of the 
aorta.** In the reported cases of congenital 
aneurysms associated with coarctation of the 
aorta, twenty-one patients were men and seven 
were women, a ratio of 3:1. 

Age: The greatest incidence of berry aneu- 
rysms has been reported to occur in the third, 
fourth and fifth decades.*® In two recent stud- 
ies* 36 the mean age of patients with ruptured 
aneurysms was fifty-four and forty-four. The 
mean age of those with unruptured aneurysms 
was sixty-four years. The range of ages in 
all the reported cases of berry aneurysms asso- 
ciated with coarctation of the aorta was from 
thirteen to seventy-seven years. The mean age 
of twenty-six patients with ruptured aneurysms 
was 28.6 years; the mean age of four with 
unruptured aneurysms was thirty-five years. 
The greatest number of ruptured aneurysms 
occurred in the second decade with a lesser 
but still considerable number occurring in the 
third decade. It would seem likely that the 
complicating factor of hypertension secondary 
to the coarctation was responsible for the earlier 
rupture. 

Location: The location of aneurysms in this 
review corresponded to that of aneurysms in 
patients without coarctation.”* Seventy-nine 
per cent were found in the carotid segment and 
21 per cent were found in the vertebral seg- 
ment of the circle of Willis. The greatest num- 
ber of aneurysms was found in the middle 
cerebral, anterior cerebral and anterior com- 
municating arteries. 

There were 25 cases in which single aneurysms 
were present and ten cases in which multiple 
aneurysms were present, an incidence of multi- 
plicity of about 30 per cent. This may be 
compared to the incidences of 11 to 31 per cent 
reported in studies of congenital aneurysms 
unassociated with coarctation.* 
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Mortality: Walton®® reported the mortality 
from the initial episode of intracranial bleeding 
secondary to ruptured aneurysms to be 28 
per cent. An additional 17 per cent of patients 
will die from recurrent hemorrhage within eight 
weeks after the initial bleeding episode.** 
A review of the autopsied cases in the literature 
showed the total number of ruptured aneurysms 
associated with coarctation in which the time 
sequence has been reported to be twenty-one. 
Death was secondary to the initial bleeding 
episode in twelve cases (57 per cent). Six 
patients suffered a recurrent fatal episode of 
bleeding within eight weeks (29 per cent); 
two had fatal recurrences later than eight 
weeks after the initial bleeding episode. Five 
additional patients died as a direct result of 
intracranial hemorrhage but the time sequence 
was unknown. Only one patient?’ with rupture 
of a proved cerebral aneurysm and associated 
coarctation had a complete recovery; the 
aneurysm was successfully repaired three years 
after the initial rupture. Four patients had 
unruptured aneurysms and died of other com- 
plications of coarctation of the aorta. It can be 
seen that 86 per cent of patients with ruptured 
cerebral aneurysms associated with coarctation 
had a fatal outcome within eight weeks of the 
initial rupture. This is in contrast to the better 
prognosis in patients without coarctation.** 

Surgical Experience: Previous surgical experi- 
ence in this problem has been limited. Tulloh* 
reported a case of a twenty-seven year old 
male with subarachnoid hemorrhage and coarc- 
tation of the aorta treated medically during the 
period of active intracranial bleeding with re- 
pair of the coarctation five months after the 
initial bleeding episode. Bigelow” reported a 


case similarly managed, but this patient sus- — 


tained a fatal recurrent intracranial hemorrhage 
four weeks after repair of the coarctation. 


PREOPERATIVE MANAGEMENT OF HYPERTENSION 
BY HYPOTHERMIA 


Our patient was treated preoperatively by 
medical therapy including antihypertensive 
drugs and a period of controlled hypothermia. 
In patients with ruptured aneurysms without 
coarctation, a 20 per cent higher mortality 
has been reported*® in those with coexistent 
hypertension than in normotensive individuals. 
Our review shows that 86 per cent of patients 
with ruptured intracranial aneurysms associ- 
ated with coarctation succumbed within eight 
weeks compared with 57 per cent of patients 


with ruptured aneurysms unassociated with 
coarctation. Therefore, in treating a ruptured 
aneurysm associated with coarctation, it seems 
advisable to attempt to lower the arterial blood 
pressure. This may be achieved by the use of 
antihypertensive drugs or by the use of hypo- 
thermia with the body temperature maintained 
at safe levels of 30° to 32°c. Hypothermia has 
also been shown to diminish the oxygen re- 
quirements of the brain and to reduce cerebral 
edema and venous pressure.*!*? Because of 
these additional beneficial effects, it would seem 
that the immediate induction of hypothermia 
is preferable to the use of antihypertensive drugs 
in the treatment of the acute phase of intra- 
cranial bleeding due to a ruptured aneurysm. 
A permanent normotensive state may usually 
be obtained by surgical correction of the coarc- 
tation. This operation is accompanied by a low 
mortality and morbidity at the present time.“ -“ 

After the induction of hypothermia it is advis- 
able to perform bilateral carotid arteriography 
as well as vertebral arteriography because of 
the high incidence of multiplicity of aneurysms. 
If multiple aneurysms are present, one must 


‘determine which aneurysm has ruptured. The 


clinical picture may aid in solving this problem. 
Also, in the absence of cerebral atherosclerosis, 
local vasospasm around the aneurysm is fre- 
quently an excellent angiographic sign that 
indicates the site of bleeding.*® Such a sign was 
present in the left carotid arteriogram of our case. 


SURGICAL INDICATIONS 


The most perplexing problem in the treat- 
ment of ruptured intracranial aneurysms asso- 
ciated with coarctation of the aorta is whether 
it is wiser to repair the coarctation before or 
after attempting surgical correction of the 
aneurysm. In our case the neurosurgeons rec- 
ommended that the coarctation be corrected 
first because hypertension increases the risk 
associated with neurosurgical intervention.” 
Even under hypothermia anesthesia, repair of a 
ruptured aneurysm during the phase of active 
intracranial bleeding is fraught with greater 
hazard than operation when the bleeding has 
subsided. Our case demonstrated that the 
coarctation could be successfully repaired during 
the phase of acute intracranial bleeding, but 
the patient suffered a fatal recurrent hemor- 
rhage before neurosurgical repair of the 
aneurysm was undertaken. One might postu- 
late that perhaps the outcome might have been 
more favorable had neurosurgery been done 
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within one week after completion of thoracic 
surgery. 

Other neurosurgeons believe the 
aneurysm should be operated upon before the 
coarctation because the ruptured aneurysm, 
not the coarctation, is the immediate threat to 
life. ‘Two problems confront the neurosurgeon: 
first, the treatment of the acute bleeding epi- 
sode and second, the prevention of recurrent 
hemorrhage. Direct surgical repair of. the 
aneurysm undertaken three weeks after the 
initial bleeding episode has been associated with 
a low mortality and morbidity (4 and 6 per 
cent, respectively, in a recent series), and grants 
permanent protection from recurrent hemor- 
rhage.*® Neurosurgery during the first week 
holds the additional promise of saving a number 
of those patients who would otherwise die 
from the effects of the initial rupture. Un- 
fortunately, at the present time such immediate 
surgery is associated with a high mortality rate 
of approximately 23 per cent.” This rate is 
comparable to the mortality expected in such 
cases that have been left to run their natural 
course during this early period.**:** Cerebral 
edema, arterial spasm and intracerebral hema- 
tomas are factors which account for the high 
mortality of surgery performed in the acute 
period.” Perhaps a two to three day period 
of hypothermia preoperatively, judicious timing 
of intervention, and further refinements in sur- 
gical technic and anesthesia will reduce the 
present high mortality of surgery undertaken 
during the first week after the acute hemorrhage. 

It is fortunate that the majority of aneurysms 
involve the carotid segment, for these are more 
accessible to surgery than those of the vertebral 
segment of the circle of Willis. Multiple 
aneurysms are not a contraindication to surgery, 
and bilateral staged aneurysm surgery has been 
successfully performed.*® 

We believe that a ruptured intracranial 
aneurysm associated with coarctation of the 
aorta should be treated by the immediate in- 
duction of hypothermia followed by bilateral 
carotid arteriography and vertebral arteri- 
ography. Neurosurgery should be undertaken 
no later than three weeks after the acute bleed- 
ing episode: and, if the patient’s clinical condi- 
tion permits, within one week of the initial 
hemorrhage. Hypothermia should be con- 
tinued following repair of the aneurysm, and 
the coarctation should be corrected shortly 
thereafter. If the coarctation is corrected 
first, the aneurysm should be repaired no later 
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than three days after thoracic surgery. It is 
entirely possible that both lesions could be 
corrected in one sitting. Suffice it to say that 
the time interval between the repair of both 
lesions should be no longer than four to five days. 


SUMMARY 


A case is reported of a fourteen year old boy 
with coarctation of the aorta who suffered 
rupture of an intracranial aneurysm. The 
patient was treated by antihypertensive drugs, 
a period of controlled hypothermia and surgical 
correction of the coarctation during the period 
of active intracranial bleeding. To our knowl- 
edge this is the first case of this condition in 
which successful repair of the coarctation has 
been accomplished during the period of acute 
intracranial bleeding. 

Thirty-two additional cases of intracranial 
aneurysm associated with coarctation have 
been reviewed. Rupture of the aneurysms oc- 
curred at an earlier age and was associated 
with a greater mortality rate than in aneurysms 
unassociated with coarctation. 

Hypothermia, by reducing the arterial pres- 
sure and diminishing cerebral edema and 
anoxia, appears to be beneficial to these patients. 
Both carotid and vertebral arteriography should 
be performed because of the high incidence 
of multiple aneurysms. The question is dis- 
cussed as to whether the coarctation should be 
repaired before the ruptured aneurysm or 
whether the aneurysm should be corrected first 
with subsequent repair of the coarctation. 
It is our belief that the latter is preferable. 
It must be emphasized that the time interval 
between the repair of both lesions should be 
extremely limited. 
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An Unusual Complication of 


Myocardial Tnfarction 


Persistent Bigeminy Only in the Recumbent Position* 


HERMAN B. RuUBLER, M.D. and C. L. DiEFENBACH, M.D. 


Southampton, New York 


HE DEVELOPMENT of a cardiac arrhythmia 
T as a sequel to myocardial infarction is 
quite frequent. Most commonly one sees pre- 
mature ventricular contractions and bigemi- 
nal rhythm may occur. However, persistent 
bigeminy in only the recumbent position in a 
patient having sustained a severe myocardial 
infarction, not receiving digitalis, seemed to us 
very unusual. We have been unable to find 
mention of this occurrence in the literature.!? 


CasE REPORTS 


A. §., a forty-nine year old white electrician, was 
admitted to the Southampton Hospital on Febru- 
ary 1, 1956, because of anterior chest pain of twenty- 
two hours’ duration. His past health had been ex- 


| 


cellent and he had no previous cardiovascular symp- 
toms. 

Physical examination at the time of admission re- 
vealed the temperature 98.2°r., pulse 104 and regu- 
lar, blood pressure 180/100 mm. Hg, respiration 18. 
The lungs were clear. The heart was slightly en- 
larged to percussion to the right and left. There 
were no thrills or murmurs. 

Laboratory data showed a normal blood count and 
erythrocyte sedimentation rate of 21 mm./hr. 
Urinalysis was normal. The electrocardiogram 
showed an acute myocardial infarction of the pos- 
terior and anterolateral walls (Fig. 1). 

Hospital Course: During the first twenty-four 
hours, opiates were required to control the chest 
pain which had become progressively more severe. 
There was a profound drop in his blood pressure so 


Fic. 1. Electrocardiogram on admission showing an acute myocardial infarction of the posterior and anterolateral 


walls. 


* From the Department of Medicine, Southampton Hospital, Southampton, New York. 
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Fic. 2. Electrocardiogram taken January 1958 showing leads 1 and 1 in the sitting and recumbent 


positions. 


that by twenty-four hours after admission it was” 


unobtainable. His pulse became more rapid and 
weaker and he went into profound circulatory 
collapse. For the next twenty-four hours his con- 
dition remained critical. The shock was treated 
with plasma, hydrocortisone, norepinephrine, and 
Neo-synephrine® by intravenous infusion. Through- 
out this period a systolic gallop and a to-and-fro 
friction rub were audible. After this initial stormy 
period he responded to therapy and his condition 
steadily improved. For the first seventeen hospital 
days it was necessary, however, to use pressor drugs 
to maintain a satisfactory blood pressure. Serial 
electrocardiograms showed evolution of his exten- 
sive infarction. 

Course Since Discharge: Since March 1956 he has 
had a bigeminal pulse in the recumbent position 
only (Fig. 2). This has not responded to sedatives, 


tranquilizers or quinidine. This bigeminy is present 
only when lying down and persists to date. He has 
returned to work and has been asymptomatic:in all 
other respects. 


COMMENT 


There is no apparent explanation of this 
unusual phenomenon after a myocardial infarc- 
tion, consisting of a bigeminal rhythm only in 
the recumbent position. There is perhaps an 
alteration in the coronary circulation in the 
recumbent position producing an_ irritable 
focus from which the ectopic beats originate. 
The patient first complained of palpitation 
when lying down. There has since been less 
awareness of this sensation. Despite a trial 
with adequate doses of quinidine, procaine 
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Persistent Bigeminy 991 


amide, sedation and tranquilizers there has 
been no change in the bigeminy. 


SUMMARY 


A case is presented which demonstrated a 
previously unreported complication of myo- 
cardial infarction: persistent bigeminy only 
in the recumbent position. A forty-nine year 
old male had a severe myocardial infarction 
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of the posterior and anterolateral walls. Since 
recovery he has had persistent bigeminy in 
only the recumbent position. This has not 
been altered by quinidine, procaine amide, 
tranquilizers or sedatives. 
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Diagnostic Shelf 


Aortic or Subaortic Stenosis?’ 


CHARLES J. McGarr, M.D., DeEcio AZEVEDO, M.D., and HENRY T. BAHNSON, M.D. 


Baltimore Maryland 


HISTORY 


A seventeen year old white boy was referred 
to the hospital in September 1959 because of 
mild dyspnea and “‘sticking”’ pain in the left side 
of the chest after strenuous exertion. There was 
no past history of rheumatic fever or hyper- 
tension. 

In 1953 a systolic murmur at the base of the 
heart was noted for the first time. The boy re- 
mained asymptomatic until 1957 when, during 
a long, arduous hike, a sharp nonradiating 
pain developed under the left nipple. The 
systolic murmur was again heard and there was 
electrocardiographic evidence of left ventricular 
hypertrophy. Right heart catheterization re- 
vealed normal pressures and no evidence of a 
shunt. In the following two years the patient 
noted very mild dyspnea with extreme exertion. 
In April 1959, although there had been no 
significant progression of symptoms, the electro- 
cardiographic pattern of left ventricular hyper- 
trophy appeared to have progressed and there 
was inversion of the T waves. Left ventricular 
puncture was attempted but this procedure was 
technically unsatisfactory. In spite of the tech- 
nical complications some of the left ventricular 
systolic pressures were considerably higher than 
those measured in the brachial artery. The 
lesion was diagnosed as aortic stenosis and in 
June 1959 correction of the stenosis was at- 
tempted at another hospital using cardio- 
pulmonary bypass. Unfortunately, there was 
malfunction of the pump oxygenator and the 
heart was not opened, but pressures measured 
in the outflow tract of the left ventricle and in 
the aorta were equal. He was then referred to 
the Johns Hopkins Hospital for evaluation of a 
probable subaortic stenosis. 


PHYSICAL EXAMINATION 


Examination revealed a normally developed, 
slightly obese young man. ‘The blood pressure 
was 130/60 mm. Hg and the pulse rate was 
72/minute and regular. The apical impulse 
was prominent and thrusting. A loud systolic 
murmur of the ejection type was heard over the 
whole precordium and was best heard at the 
apex. It could be heard over the carotid ar- 
teries but its intensity was considerably di- 
minished. ‘There were no murmurs in diastole. 

The electrocardiogram showed a normal axis, 
left ventricular hypertrophy and “strain.” This 
pattern had progressed since 1957 with more 
striking inversion of the T waves in leads V3; to 
Ve. 

Roentgenograms revealed generalized cardiac 
enlargement. At fluoroscopy the left ventricle 
and left atrium were considerably enlarged and 
the right ventricle also was thought to be 
moderately enlarged. 


CARDIAC CATHETERIZATION 


The patient was submitted to retrograde left 
ventricular catheterization through the right 
brachial artery. The pressure in the aorta was 
92/64 mm. Hg and in the left ventricular out- 
flow tract it was 92/10 mm. Hg. The systolic 
pressure in the aorta and left ventricular outflow 
tract were thus equal. Proximal to this outflow 
area and about 4 cm. below the aortic valve, a 
ventricular chamber was entered which had a 
pressure of 170/10 mm. Hg and the systolic 
pressure was 60 to 80 mm. Hg higher than that 
in the outflow chamber (Fig. 1A and B). Re- 
peated pullbacks across this area inside the 
ventricle demonstrated this systolic pressure 
gradient in every instance. The cardiac index 


* From the Departments of Medicine and Surgery, The Johns Hopkins Hospital, Baltimore, Maryland. Aided by 


Grant H-226 from the National Heart Institute. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


\ 
Ah 
ay 
“a 
A 
er 
ae 
| 
| 
Vier) 
ic 
: 


Aortic or Subaortic Stenosis 


“MID LEFT VENTPICLE 
Fic. 1. 


SUB-AORTIC CHAMBER 


R.McL. JHH 860968 


A, simultaneous pressures in the femoral artery (120/60) and the “‘high pressure” mid-left ventricle (170/10) 


on equally sensitive strain gauges. The systolic pressure gradient may be seen between ventricle and femoral artery. 
B, pressures recorded in the “‘low pressure” subaortic ventricular chamber and the aorta as the catheter is pulled 
back across the aortic valve. Simultaneous femoral artery pressure is also shown. There is no systolic gradient across 
the aortic valve. A decrease in amplitude of the intracardiac electrocardiogram may be seen as the catheter tip crosses 


the aortic valve. 


by the dye dilution method was 3.2 L./min./M?- 
BSA. 


DIAGNOSIS 


The final conclusion was that the patient had 
subaortic stenosis with an outflow chamber 
about 4 cm. long. Because of the generalized 
cardiomegaly and the atypical murmur and be- 
cause the obstruction was so far inside the left 
ventricle (4 cm.), it was believed that this case 
probably represented a “‘functional’’ narrowing 
of the outflow tract of the left ventricle. These 
findings are quite similar to those in the cases 
described by Brock,! Bercu et al.? and Morrow 
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and Braunwald.* 
advised. 


Further surgery was not 
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Cardiac Resuscitation 


Edited by Patuet J. FLAGG, M.D., F.A.C.c.* 
New York, New York 


Cardiac Excitability and Resuscitation 


Rosert M. Hos er, m.p. 


Cleveland, Ohio 


NE OF SEVERAL inherent and overlapping 
O properties of cardiac muscle is excit- 
ability. Another is the all or none law. This 
declares that the weakest effective stimulus will 
produce the maximum contraction. There is 
thus no proportionality between strength of 
stimulus and force of contraction. A stimulus 
is any environmental change that can evoke a 
reaction. 

Both of these properties as well as many 
additional phenomena must be considered in 
order to comprehend fully the restoration of 
the heart beat. Nevertheless, the fundamental 
problem in cardiac resuscitation is to keep the 
brain viable.' The resuscitation procedure is 
thus divided into two separate and distinct 
chronologic steps: (1) the re-establishment of 
the oxygen system and (2) the restoration of 
the heart beat. 


EXCITABILITY AND RESPONSE TO 
STIMULATION 


CARDIAC 


Descriptions and explanations of this excita- 
tory process are given almost entirely in terms 
of resistance, polarization, repolarization and 
others, which are referred to as electrical prop- 
erties of the cell membrane. It seems that present 
knowledge of the metabolic process underlying 
excitability and the response to stimulation is 
still quite limited. The excitability of the heart 
does not remain constant. It changes as neural 
and humoral influences operate upon the heart 
as well as modifications during the cardiac 
cycle and during arrest. 

The role of cellular metabolism markedly 
influences excitability. Upon contraction there 


is a breakdown of labile chemical substances 
followed by resynthesis. Unfortunately, oxygen 
as an essential component cannot be stored in 
the cells or tissues. With a lack of oxygen 
within a short lapse of time, incomplete micro- 
aerobic or anerobic metabolic reactions prob- 
ably come into limited operation and these are 


. quickly exhausted. Oxygen is one of the prin- 


cipal agents which has a profound influence 
on the permeability of the cell membrane and 
consequently upon the excitability period. 

It would appear that considerable study has 
been carried out? pertaining to the effects of 
extracellular concentrations of ions (Ca and K), 
pH, temperature, drugs and others, which have 
a direct influence on an increase or decrease 
in excitability. It also appears that there has 
been a paucity of detailed investigation of 
the effects of hypoxia, hypercapnia and anoxia 
upon this important cardiac property, partic- 
ularly at the onset of cardiac arrest. 

Anoxia and Excitability: An arrested heart 
with its oxygen-depleted cardiac muscle will 
completely lose its excitability in the matter of 
a relatively short period of time. When this 
point is reached, the heart will not respond to a 
physical or natural stimulus and reaches ab- 
solute refractoriness although electrical activity 
remains which is usually indicated on the electro- 
cardiogram. Rodeo and Porter* report that 
lack of oxygen is more important than lack of 
substrate in producing irreversible cardiac 
arrest. Anoxia has more effect on disrupting 
the permeability of the cell membrane than 
various ions and agents. This condition may 
also doubtlessly result in some intrinsic change. 


* Executive Director, National Resuscitation Society, Inc., 2 East 63rd Street, New York 21, New York. 
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It is probable that the intrinsic excitatory 
process, which initiates a contraction of heart 
muscle, acts in the same manner as do applied 
stimuli. 

Electrical monophasic stimulation of the 
anterior surface of the left ventricle* produces a 
reduction in threshold voltage during moderate 
hypoxia until severe hypoxia has its onset 
which is promptly followed by a rapidly rising 
threshold. Significant threshold changes occur 
at about 15 volumes per cent of oxygen. Below 
6.4 volumes per cent of oxygen the threshold 
rises quickly and the conduction rate rapidly 
increases. In moderate hypoxia the functional 
capacity of the heart muscle is not impaired. 
Following stagnant anoxia for thirty to sixty 
seconds, a point can be reached where there is 
absolute refractoriness. 

The previous significant facts are of singular 
importance in considering cardiac resuscitation, 
particularly in the restoration or initiation of 
the heart beat by physical stimulation, such as 
pounding upon the chest, the application of an 
external pacemaker stimulus or the employment 
of an external defibrillating shock. 

After cessation of the coronary circulation the 
mammalian heart appears to lose the property 
of excitability within thirty to sixty seconds and 
rapid functional deterioration follows. Some 
means of reversing this process and restoring 
cellular metabolism must be provided after this 
time limit. Perfusion of the coronaries will 
adequately restore its chemical metabolic energy 
sources even after many minutes of arrest. 
At present there are two practical means for 
the accomplishment of this:5 (1) manual cardiac 
massage and (2) intra-arterial transfusion under 
pressure. 


DRAWBACKS OF CLOSED CHEsT RESUSCITATION 


Observation of a great many hearts in our 
laboratory which have been deliberately ar- 
rested by weak currents and thus placed in a 
state of ventricular fibrillation indicates that 
cyanosis can be detected by the naked eye 
within seven seconds after its onset. After 
the lapse of thirty seconds the heart is markedly 
blue yet the blood trapped in the main coronary 
arteries remains bright red. 

External Defibrillation: Accomplishment of 
external defibrillation in animals has been 
successful for many years. Nevertheless, it 
has not proved practical in restoring circulation 
to an arrested fibrillating heart after forty-five 
to fifty-five seconds’ duration of such an ar- 
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TABLE I 
Closed Chest Defibrillation 


E . | Duration of | Defibrilla- | Return of | Open | Normal 
*peri- |  Fibrilla- | tion in Blood Chest | Circula- 
—— tion Electro- Pressure Mas- tion 
(no.) (sec.) cardiogram| and Pulse sage | Restored 
1 15 + 1 0 1 
1 25 + 1 0 1 
4 30 + 4 0 4 
4 35 + 3 1 4 
8 45 + 3 5 8 
5 55 + 2 2 4 
5 60 + 2 3 5 
13 65 + 1 12 13 
*12 70 + 0 *12 12 
11 75 + 3 8 11 
2 85 + 0 0 _ 
6 90 + 0 4 4 
2 120 + 0 1 1 


* Pacemaker stimulation applied to eight dogs in the seventy second 
group (before massage) without success. 


rhythmia. Failure occurs not from the in- 
ability to accomplish defibrillation of the heart, 
but from the inability to restore a blood pressure 
compatible with life. Electrocardiographic evi- 
dence is readily obtained which indicates 
that the heart has been defibrillated (Table 1). 
However, after one minute a pulse or a systemic 
blood pressure is seldom recordable; and upon 
promptly opening the thorax, one will find the 
heart in a state of standstill or asystole. In the 
meantime the heart is dying although accept- 
able complexes are recorded upon the electronic 
monitor. It is clear that electrical activity as 
recorded by the electrocardiograph is not 
necessarily related to the effectiveness of the 
circulation. However, most of us are reluctant 
to accept the fact that electrical activity can 
persist long after mechanical activity has 
ceased. 

Experimental Closed Chest Resuscitation: We 
have carried out many animal experiments 
based upon restarting arrested hearts which 
are intimately associated with the practical 
time limit of the excitability of cardiac muscle. 
These experiments are summarized in Tables 
I to Iv. 

As indicated in Table 1, somewhere around 
fifty seconds is the dividing line between satis- 
factory and unsatisfactory defibrillation by the 
external application of countershock in these 
experiments. This is in general agreement 
with Dow and Wiggers’ report’ in 1940. 
Beyond this point it was found that the heart 
could always be defibrillated as indicated by 
the electrocardiogram (Tables 1 and m1), but 
there was seldom return of a satisfactory blood 


995 
| | | | | eae 
a 
| 
* 
) 
f 
7 ias 


996 Cardiac Resuscitation 


TABLE II 
Electrodes Applied Directly to Myocardium 


Defibrilla- 


Duration of tion in 
No. of Ventilation Electro- Return of 
Fibrillation 
Dogs (sec.) and Massage | cardiogram | Circulation 
after 
| Massage 
| | 
86 120 | 86 86 86 


TABLE 1 
Electrodes Applied Directly to Myocardium 


Defibrilla- 
Peaition of tion in Return Open Return to 
No. of Electro- of Normal 
Fibrillation Chest 
Dogs cardiogram} Circula- 4 Blood 
(sec.) 2 Massage 
before tion Pressure 
Massage 
70 120 70 | 0 70 70 
TABLE IV 


External Defibrillation and Supplemental Methods 


| 
Dog . Duration of Arverial Total Arrest | Return of 
Experi- Fibrillati Perfusion f Circulati Circul 
ments ibrillation after Oo irculation a- 
(sec.) (soc.) (sec.) tion 
3 45 0 | 45 + 
1 55 0 55 + 
2 65 120 120 + 
1 65 125 125 + 
3 75 150 150 + 
2 85 150 } 150 a 
1 90 150 150 + 
1 105 180 < 0 
1 120 180 | 180 + 


pressure or pulse. In this situation it was 
found that rapid surgical exposure of the heart, 
followed by a short manual pumping of that 


organ, readily and successfully restored the — 


heart beat, blood pressure and the circulation 
to a normal level. In other experiments® 
(Table tv), after electrical defibrillation had 
been recorded and no return of systemic circu- 
lation occurred within 120 to 150 seconds, the 
administration of an intra-arterial infusion of 
saline and 1:10,000 dilution of adrenalin under 
pressure of 300 mm. Hg resulted in a satisfactory 
return of systemic circulation without opening 
the chest. 

Mammalian hearts arrested for sixty to 120 
seconds lose their excitability and ability to 
respond to a stimulus (Tables 1 and 111). Sup- 
plemental methods for restoring the cellular 
metabolism must be employed. During the 
past twenty years we have empirically recom- 


mended for successful defibrillation that the 
myocardium be pink and well oxygenated 
before applying a shock with internal electrodes 
(compare Tables u and 11). 

Another problem in closed chest defibrillation 
is that of obtaining a current flow of sufficient 
density in all parts. of the cardiac musculature. 
The anatomy of the organs of the thorax and 
mediastinum does not lend itself to constant 
degrees of tissue conduction and resistance. 


CONCLUSIONS 


There is a complex relationship between the 
cellular metabolic processes and the recovery of 
excitability which is initiated as soon as an 
adequate coronary circulation or perfusion is 
resumed or instituted. The heart as a muscular 
organ will remain viable as long as sixty to 
one hundred minutes; but in order for it 
to function as an hydrodynamic pump, it must 
have oxygenated blood circulated in its coronary 
system under an adequate pressure. * 

To prevent death before it occurs and to re- 
verse clinical death after it occurs is perhaps 
the most important problem at this time in the 


.twentieth century. As of today, resuscitation is 


still in its infancy. The unpleasant and for- 
bidding task of opening the chest remains the 
surest means of reversing clinical death. Other 
reliable and acceptable methods are universally 
being sought. To initiate successfully a heart 
beat by a physical stimulus alone, this stimulus 
must be applied-or delivered before the period 
of excitation of the anoxic cardiac muscle cells 
has been terminated. This vital period is less 
than one minute. 
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* This is presumed to be 40 mm. Hg as a minimum. 
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Progress Notes in Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Vector Leads* 


interest in vectorcardiography has 
stimulated the study of electrocardiograms 
taken from the points of electrode placement 
for the vectorcardiogram. These leads have 
been called A,B,C leads! or X,Y,Z leads.” 
However, a better term for such leads is vector 
leads because they represent vectorcardiograms 
and show the direction of the electrical axis 
very clearly. 

For example, a vectorcardiogram actually 
records the resultant of two simultaneous 
electrocardiograms. taken from points which 
lie at right angles to each other and are equi- 
distant from the center of the electrical battery 
of the heart.* Thus, in order to take a frontal 
plane vectorcardiogram, it is necessary to have 
two leads on the frontal plane, one lying hori- 
zontally (X lead), the other lying vertically 
(Y lead) (Fig. 1A). In order to take a hori- 
zontal plane vectorcardiogram, it is necessary 
to have two leads on the horiontal plane of the 
body, one lead lying horizontally (X lead), 
the other lying at right angles to this in an antero- 
posterior direction (Z lead) (Fig. 1B). In 
order to take a sagittal plane vectorcardiogram, 
it is necessary to have two leads lying on the 
sagittal plane, one lying horizontally in an 
anteroposterior direction (Z lead), the other 
(Y lead) lying vertically at right angles to 
lead Z (Fig. 1C). 

Methods of Electrode Placement: ‘The vector 
leads depend on the systems of vectorcardiogra- 
phy being used. There are two common 
methods of electrode placement. One is based 
on the Duchosal cube system‘ (Fig. 2), the other 
on the Wilson equilateral tetrahedron, which 
has one of its apices pointing backward® (Fig. 
3A). The cube system of vectorcardiography 
requires placing electrodes on the patient’s 


back (Fig. 2). The equilateral tetrahedron 
system uses leads 1 and aVF, but requires one 
lead, VB, to be placed on the back (Fig. 3A). 
Therefore, if one is interested in studying 
vector leads on the basis of these systems, 
it is necessary to take special leads in addition 
to those used for routine electrocardiography. 

However, an equilateral tetrahedron with 
one apex pointing forward instead of backward 
can be used to obtain vector leads (Fig. 3B). 
When this is done, one can use leads 1, aVF 
and V;, as vector leads. Lead V, can be sub- 
stituted for lead VB for the following reason: 
any two leads separated by an angle of 180 
degrees show the same magnitude but opposite 
polarity.6 Lead VB is taken on the back just 
to the left of the spinal process of the seventh 
thoracic vertebra. This lies at the level of the 
fourth rib anteriorly; and a point from VB 
passing through the center of the chest will 
pass through lead V;. Leads VB and V, 
are therefore separated by an angle of 180 
degrees and should show deflections of equal 
magnitude but of opposite polarity. (Since 
the heart lies somewhat anterior to the center 
of the chest, the potentials of lead V; will be 
somewhat greater than the potentials of lead 
VB. However, since we are using vector 
analysis, the directions and time relations of the 
deflections, and not their magnitude, are impor- 
tant.) 

Polarity of Vector Leads: ‘These vector leads 
show the direction of the electrical axis in the 
following ways: 

Lead I shows the direction of the electrical 
axis on the frontal plane of the body. A down- 
ward deflection indicates movement of the elec- 
trical axis to the right. An upward deflection 
indicates movement to the left (Fig. 4). 


* A contribution of the Dr. Louis B. and Anna H. Goldberger Memorial Foundation for Medical Research. 
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Fic. 3. A, Wilson’s equilateral tetrahedron with one 
apex pointing backward. B, the author’s equilateral 
tetrahedron with one apex pointing forward. 


Lead V, shows the direction of the electrical 
axis on the horizontal plane of the body. 
A downward deflection indicates a posterior 
movement of the electrical axis. An upward 
deflection indicates an anterior movement 
Fic. 1. A, the frontal plane of the body. B, the (Fig. 4). 
horizontal plane. C, the sagittal plane. Lead aVF shows the direction of the electrical 
axis on the sagittal plane of the body. A 
downward deflection indicates a superior move- 
ment of the electrical axis. An upward 
deflection indicates an inferior movement (Fig. 
4) 


Applications of Vector Leads: Freibrun, Isaacs 
and Griffith? and I*’ have indicated some of the 
measurements which can be made with vector 
leads. For example, left bundle branch block 
can be differentiated from left ventricular hy- 
pertrophy with vector leads. In such a case 
of left ventricular hypertrophy, lead 1 shows a 
qR and lead V; shows an rS or QS. The initial 
q in lead 1 indicates movement of the stimulus 
to the right. The initial r in lead V;, indicates 
an initial anterior movement of the stimulus 
on the horizontal plane. In other words, in 
~~, left ventricular hypertrophy, the initial spread 
x z£ ' of the stimulus through the septum is to the 
right and anteriorly (rarely posteriorly). This 
indicates normal conduction through the ven- 


Fic. 2.3§T he cube method of electrode placement. tricular septum. 
FT ANTERIOR INFERIOR 
I Vi aVF 


RIGHT POSTERIOR SUPERIOR 


Fic. 4. Vector leads showing the relations between electrocardiographic 
deflections and the direction of the electrical axis. 
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However, in such a case of left bundle branch 
block, lead 1 will show a tall, slurred R, and 
lead V; a QS. The initial R in lead 1 indi- 
cates movement of the stimulus through the 
ventricular septum from right to left. The 
initial Q in lead V; indicates an initial posterior 
movement of the stimulus on the horizontal 
plane. In other words, in left bundle branch 
block, the initial spread of the stimulus through 
the ventricular septum is to the left and pos- 
teriorly (backward). This is characteristic of 
left bundle branch block. 

Further studies of the usefulness of vector 
leads are worth while. However, I should 
like to suggest that whenever possible, two vec- 
tor leads be recorded simultaneously (with a 
two-channel electrocardiograph) and with a 
paper speed of at least 50 mm./second so that 
accurate measurements of the vector sequences 
can be made.’ 

Also, in comparing vector leads taken with 
different methods, one should be careful to 
recognize differences due merely to reversal of 
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polarity. For example, in Freibrun’s paper,? 
lead X resembles lead 1, lead Z resembles lead 
Vi, but lead Y is the opposite of lead aVF 
because it is taken with reversed polarity. 
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College News 


President’s Column 


AST SUMMER as I watched the Democratic 
and Republican conventions, I again 
became aware of the size of the United States. 
It made me realize how important it is that our 
College be represented in all parts of the coun- 
try. As a beginning toward reaching this goal, 
I sent a letter to the Trustees and Governors of 
the College stating that one of my objectives 
as President this year would be to balance the 
state-wide representation of membership in our 
College. 
The Executive Director devised a map which 
graphically illustrates the College membership 


in each state as it now stands (Fig. 1). It is 
quite natural that numerically our largest 
membership grouping is in the East where the 
College started and where the concentration of 
doctors is greatest; but what immediately 
became evident is that certain areas are very 
sparsely represented, and the states of Wyoming 
and Utah are not represented at all. This 
summer the Executive Director made a per- 
sonal visit to both Wyoming and Utah in order 
to interest the leading cardiologists in these 
two states in the work that the College is doing. 

It is evident to all of us that there are many 
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Graphic illustration of College membership. 
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fine investigators and competent clinical cardi- 
ologists doing important work far removed from 
the great metropolitan centers. It is these men 
in the southwest, in the central plains and in the 
great northwest whom we must find and bring 
into our College. If we are thinly represented 
in those areas, it is not because the men are not 
there but because we have been lax in telling 
about the work we are doing, about why they 
should help us in this work and of how we can 
help them. 

One of the ways that our membership can 
be built up is through regional conferences, set up 
under the auspices of the local Governors. 
Such regional conferences afford an opportunity 
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for College members to get together and discuss 
some subject or some local cardiologic project 
in which they are particularly interested. Such 
informal conferences give the local groups a 
chance to know each other better; also other 
cardiologists in the area may learn something 
about what the College is doing. 

I am very happy to say that a number of these 
regional conferences are being planned for the 
coming year. 

The job of attracting qualified men is not 
just the work of Trustees and Governors. It 
should be carried on by all members of the 
College. 

Louis F. BisHop, 


1961 Workshop Program 


HIS year’s program is limited to a selected 

i 4 schedule of six important workshops 

which are believed to be particularly attractive 
to members of the College. 

Members of the College are urged to take 

advantage of this opportunity offered by your 


Clinical Workshop Program 1961 


Postgraduate Education Committee by com- 
municating with Dr. Philip Reichert, Executive 
Secretary, 350 Fifth Ave., New York 1, New 
York, relative to arrangements for participation. 
Due to the limited number of participants for 
each workshop, early registration is advised. 


Date (1961) Preceptor 


Topic 


January 11, 12,13 | Dr. Dwight E. Harken 


and associates* 


Cardiology: 
hemodynamic, electro- 
lyte, chemical and sur- 
gical survey 


clinical, | Amphitheater of The 30 
Peter Bent Brigham 


Hospital, Boston, Mass. 


January 14 Drs. David Littman and | Coronary angiography Veterans Administration 30 
Arthur Sasahara Hospital, West Rox- 
bury 32, Mass. 
Dr. E. Sterling Nichol and | Acute and life-long anti- | Miami Heart Institute, 3 


January 21, 22 


April and May associates 


coagulant 
routines; care of acute 
and chronic nonsurgical 
cardiac problems 


therapy Miami Beach, Fla. 


March 6 Dr. Louis F. Bishop Office cardiology 141 East 55th St., New 2 
York 22, N. Y. 
March 30, 31 Dr. Samuel Bellet and | Fibrinolysin, cardiac ar- | Heart Station, Phila- 4 
associates rhythmias and cardiac delphia General Hos- 
catheterization pital, Philadelphia, Pa. 
May 2 Dr. Don L. Fisher and | Left and right heart cath- | Cardiopulmonary Lab- 2 
associates eterization , oratory, Allegheny 
General Hospital, 
Pittsburgh, Pa. 


NOVEMBER 1960 


* The following preceptors, in addition to Dr. Harken, will collaborate in this workshop: Samuel A. Levine, M.D., 
Lewis Dexter, m.p., Laurence B. Ellis, M.p., Richard Gorlin, m.p., Francis D. Moore, m.p., Harold D. Levine, M.p., 
Bernard Lown, M.p., Warren J. Taylor, M.p. and Armand A. Lefemine, m.p. 


| 
i 
j 
fe 
\ 
ise! rion 
i 
Maximum 
Pl No. of 
ace 
pants 
7 
| 
| hate 
| 
| 
} 
i 


1002 


College News 


Col. Byron E. Pollock Retires from Fitzsimons 


L. Byron E. Pottock, Chief of the De- 
partment of Medicine at Fitzsimons 
General Hospital, received his first Oak Leaf 
Cluster for his Army Commendation Medal 
and was officially cited at retirement ceremonies 
earlier this month at Fitzsimons. 
Colonel Pollock was cited for his service both 
as chief of the Cardiology Service from Jan- 
uary 30, 1955, and from August 1958 as chief 


of the Department of Medicine. From Sep- 
tember 24 to November 11, 1955, Colonel 
Pollock was called upon to treat President 
Dwight D. Eisenhower for an acute cardiac 
illness at Fitzsimons General Hospital. 

Col. Pollock has been active in the affairs of the 
College and at present is a member of the Board 
of Trustees. Since his retirement he has become 
Chief of Medicine at Denver General Hospital. 


Maj. Gen. John F. Bohlender, Commander at Fitzsimons General Hospital 


presents the First Oak Leaf Cluster to the Army Commendation Medal and 
retirement citations to Col. Byron E. Pollock, MC, retiring chief of the Depart- 


ment of Medicine. 


(U. S. Army Photograph. ) 
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IN ANGINA PECTORIS AND 
CORONARY INSUFFICIENCY 


... the treatment must go further 
than vasodilation alone. It should also 
control the patient’s ever-present 
anxiety about his condition, since 
anxiety itself may bring on 

further attacks. 


AFTER MYOCARDIAL INFARCTION 


...it is frequently not enough to 
boost blood flow through arterial 
offshoots and establish new circulation. 
The disabling fear and anxiety that 
invariably accompany the condition 
must be reduced, or the patient 

may become a chronic invalid. 


Protects your coronary patient 


better than vasodilation alone 


Unless the coronary patient’s ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient’s cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltrate 


Miltown® (meprobamate) + PETN 


CmL-1388 


33 


(fp WALLACE LABORATORIES / Cranbury, N. J. 


: Bottles of 50 tablets. 
Each tablet contains 200 mg. 
Miltown and 10 mg. penta- 
erythritol tetranitrate. 
Dosage: | or 2 tablets q.i.d. 
before meals and at bedtime, 
according to individual require- 
ments. 
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17:945, May 1958. 2. Friedlander, 
H. S.: Am. J. Cardiol. 1:395, 
Mar. 1958.8. Riseman, J. E.F.: New 
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THE FACTS ABOUT MER/29 


MER reduces total body cholesterol 


in 8 out of 10 
—and these are the patients 


most likely to benefit 


your patient with high cholesterol levels... 


MER/29 reduces both serum and tissue cholesterol, irrespective of diet.’ 
In 463 patients, the mean cholesterol was reduced from 324 mg.% to 
253 mg.% — an average decrease of 71 mg.%.”* 


your patient with angina pectoris... 


concurrent benefits have been reported in some patients receiving 
MER/29. These include decreased incidence and severity of attacks, 
improved ECG patterns, diminished nitroglycerin requirements, and 
increased sense of well-being.’”** 


your patient with postmyocardial infarction... 


while more time is needed’ to determine the over-all prognostic signifi- 
cance, it has been observed that MER/29 “... reduced morbidity and 
mortality rates below those of control series during the first year follow- 
ing coronary thrombosis.” 


your patient with generalized atherosclerosis... 


atherosclerosis “...has been shown to afflict about 77% of American 
males as early as in the 20-to-30 age range.”” With MER/29 you have 
a new, well-tolerated means of lowering cholesterol — which has been 
considered “...the sine qua non of the atheromatous lesion.” 
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compatible with other cardiovascular therapies: MER/29 can be used along 
with other measures to control anxiety, hypertension, obesity, and other conditions 
associated with cardiovascular disorders. These include anticoagulants, nitro- 
glycerin, and PETN. 


safety data: Patients have now been treated with MER/29 for relatively long and 
continuous periods. In no case has there been evidence of serious toxic effects on 
the function of any vital organ or system. However, since long-term MER/29 
therapy may be necessary, periodic examinations, including liver-function tests, 
are desirable. Side effects (mausea, headache, dermatitis) are rare and have usually 
been associated with dosages greater than those recommended for effective therapy. 


contraindication: Pregnancy. Since MER/29 inhibits cholesterol biosynthesis, and 
cholesterol plays an important role in the development of the fetus, the drug 
should not be administered during pregnancy. 


supplied: Bottles of 30 pearl gray capsules. 


.. the first cholesterol-lowering agent to inhibit the formation of excess 
cholesterol within the body, reducing both tissue and serum cholesterol 


.no demonstrable interference with other vital biochemical processes 
reported to date 


. convenient dosage: one 250 mg. capsule daily before breakfast 


. toleration and absence of toxicity established by 2 years of clinical 
investigation 


MER/29 


(triparanol ) 


References: 1. Hollander, W., and Chobanian, A. V.: Boston M. Quart. 10:37 (June) 1959. 
2. Oaks, W., and Lisan, P.: Fed. Proc. 18:428 (Mar.) 1959. 3. Oaks, W. W., et al.: 
A. M. A. Arch. Int. Med. 104:527 (Oct.) 1959. 4. Lisan, P.: Proceedings, Conference on 
MER/29, Progr. Cardiovasc. Dis. 2:(Suppl.)618 (May) 1960. 5. Oaks, W. W.: lbid., 
p. 612. 6. Hollander, W., et al.: Ibid., p. 637. 7. Halperin, M. H.: Ibid., p. 631. 8. Toro, J.: 
Ibid., p. 544. 9. Morrison, L. M.: J.A.M.A. 173:884 (June 25) 1960. 


THE WM. S. MERRELL COMPANY > 
Cincinnati 15, Ohio St. Thomas, Ontario TRADEMARK: “MER /29° 
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Now—with 


vodine 


trademark ethanesulfonate 


Brand of piminodine ethanesulfonate 


relief of severe pain 
without drowsiness or hypnosis” 


new approach to “pure” analgesia 


Alvodine, a new potent narcotic analgesic which approaches “pure” analgesia, is 
unique among agents of its class because it is as effective as morphine but does not 
produce drowsiness, hypnosis or euphoria in the great majority of patients.** 


Alvodine is safer than morphine. It is free of both the high incidence and the 
severity of side effects associated with morphine. Respiratory and circulatory depres- 
sion are rare with customary dosages. Nausea and vomiting are uncommon and, 
unlike opiates, Alvodine does not cause constipation. 


In contrast to most other analgesics Alvodine is fully effective when administered 
orally. Injection may be given for quick action or when parenteral use is indicated. 


Alvodine tablets, 50 mg., scored. Average oral dose for adults—from 25 to 50 mg. 
every four to six hours as required. Alvodine ampuls, 1 cc., containing 20 mg. per 
cc. Average subcutaneous or intramuscular dose for adults—from 10 to 20 mg. every 
four hours as required. Narcotic Blank Required. 


*In more than 90% of patients. 
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When Alvodine is particularly useful 
Because Alvodine generally relieves pain without causing a “drugged” condition, 
it is especially useful in those clinical situations in which it is desirable to have the 
patient alert and comfortable. 


Postoperative analgesia 
Alvodine relieves postoperative pain promptly, without any narcotizing effect. 
Because patients remain awake, early and frequent mobilization is possible, and the 
risk of pulmonary hypostasis and venous stagnation is decreased. 


Ambulatory patients 


Because Alvodine does not tend to interfere with mental acuity, it is particularly 
indicated for patients whose pain or disease does not necessitate bed rest. Alvodine 
is effective orally as well as parenterally for visceral pain and pain caused by cancer 
or disorders of the muscular, skeletal or neurologic structures. 


Severe pain from cancer 


When the patient with cancer begins to need strong analgesia, he can take Alvodine 
by mouth. It is as effective as morphine in relieving pain but produces neither 
drowsiness nor euphoria. It permits the patient with cancer to remain alert longer 
and to continue his day-to-day activities longer. 


(| LABORATORIES 
New York 18. N. Y. 


Write for Alvodine brochure containing detailed information on 
clinical experience, addiction liability, side effects and precautions. 
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THE Yorke CREED 


‘THe purpose or the Yorke Medical Group is to 
contribute to the improvement of human health and 
well being through the publication of medical 
research and experiences, as controlled by our 
Physician-Surgeon Editorial Boards. Our code of 
conduct shall be— 


To obtain the most qualified personnel available 
to serve on our Editorial Staffs. 


To select material only on the basis of its scien- 
tific merit and value to the profession and such 
selection shall be the sole and exclusive responsi- 
bility of the Physicians and Surgeons who comprise 
the Editorial Boards. 


To limit advertising to ethical pharmaceuticals 
and reputable medical equipment or services ‘of 
immediate interest to our subscribers. Advertising 
must be consistent in standards with the editorial 
policies of the Journals. 


Medical journals present the recorded experiences 
of the profession and serve as a basis for new re- 
searches and life preserving developments. 


THE YORKE GROUP 
NEW YORK, N. Y. 


THE AMERICAN JOURNAL OF SURGERY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
THE AMERICAN JOURNAL OF CARDIOLOGY 
MODERN DRUGS 
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hypertension therapy 
lowest thiazide dosage 


basic approach with Naqua 


1. Use of Nagua as primary therapy for B.P. 
reduction in mild and moderate hypertension. 


2. B.P. stabilized with maintenance therapy for 
prolonged periods. 


. Addition to Nagua of rauwolfia alkaloid, 
ydralazine, or ganglionic blocking agent, de- 
ending on B.P. response and severity of hyper- 
snsion. 


For complete details on indications, dosage, administra- 
tion, precautions and contraindications consult 
Schering literature. 


trichlormethiazide 


special advantages of Naqua 


1. Nagua alone is adequate in many cases at 
dosages 1/100 of chlorothiazide (often 8 mg. 
a day initially, 4 mg. or less in maintenance)... 
maximum sodium diuresis, dependable B.P. 
response. 


2. Nagua has a favorable potassium excretion 
pattern, minimizing need for supplements... 
closely balances sodium and chloride excre- 
tion...* most economically priced for benefit of 
long-term patients. 


3. Nagua potentiates these adjunctive agents 
and markedly decreases dosage needs, helping 
to reduce side effects of these agents. 


Packaging: Naqua Tablets, 2 and 4 mg., scored, bottles 
of 100 and 1000. 


*Fuchs, M.: A review of the thiazide pharmacology, Paper pre- 
sented at Puerto Rican M. Soc., San Juan, Puerto Rico, Jan., 1960. 
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MODEL 100M MOBILE VISO-CARDIETTE 


HIS IS THE NEWEST Sanborn electro- 

cardiograph — complete with all acces- 
sories in a fully mobile, easy-to-roll cabinet 
version. A single Model 100M ‘Mobile 
Viso” can easily serve several locations 
within a clinic or hospital, and perfectly 
answers the need for instrument storage 
away from the point of use. The highly de- 
veloped design of this modern instrument 
also provides fully diagnostic cardiograms 
at either of two chart speeds (25 and 50 mm/ 
sec), sensitivity settings of 14, 1 or 2 times 
normal, fully automatic stylus stabilization 
during lead switching, pushbutton ground- 
ing, jacks for recording and monitoring non- 


MEDICAL 


SAN BORN 


electrocardiograph 
Wherever 


$895 delivered, 
Continental U.S.A. 


ECG inputs in conjunction with other equip- 
ment. The cabinet is available in either 
handsome mahogany or exceptionally dura- 
ble, stain-resistant plastic laminate. 

The same basic instrument — with identi- 
cal circuitry — is also manufactured as a 
desk-top instrument, designated Model 100 
Viso-Cardiette. A third choice in Sanborn 
ECG’S is also offered, for the physician 
whose practice demands maximum porta- 
bility: the 18-pound “‘briefcase’’ size Model 
300 Visette. All are proven Sanborn electro- 
cardiographs, reflecting more than four 
decades of experience in the manufacture 
of medical instrumentation. 
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VY 


175 WYMAN ST., WALTHAM 54, MASS. 
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Now Avatalle— 


Bound Volumes of 


The American Journal of Cardiology 


VOL. 1—JAN.-JUNE 1958 VOL. 3—JAN.-JUNE 1959 
VOL. 2—JULY-DEC. 1958 VOL. 4—JULY-DEC. 1959 


Permanently bound in sky-blue buckram with 
gold stamping, these quick-reference volumes 
make attractive and useful gifts for your hos- 
pital, medical school, colleagues or your 
own personal library 


| THE AMERICAN JOURNAL OF CARDIOLOGY | 
| 11 East 36th Street, New York 16, N. Y. | 
| 
| 


| Please send Bound Volumes ; es below) of The 
| American Journal of Cardiology to: 


| 
j Check choice 
| 
senate 
| 0 Vol. 4 


Town State 
$10.00 per Volume Check Enclosed | 


| 
| 


trichlormethiazide 


lowest dosage, balanced 
sodium and chloride output in 


edema 


: 
) 
A 
} 
| 
™ tt 
| 
| 
| 
iP 
| 


Teen-age girls comprise the most poorly fed group in 
our population today according to nutrition researchers. 
During this critical growth period, well over half of them 
skip or skimp on breakfast, the most important meal of 
the day. As a service to those advising teen-age girls and 
their parents, this well-balanced, moderate low-fat basic 
cereal and milk breakfast shown in the chart below merits 
consideration. Its moderate low-fat content of 10.9 gm. 


A well-balanced 
moderate 

low-fat 

breakfast for 


teen-age girls 


provides 20 per cent of the total calories. This is in 
keeping with the modern trend toward a moderate 
reduction of dietary fat for all ages. For “Girls, 13 to 15 
years,”’ it is well-balanced and provides about one-fourth 
of the recommended daily dietary allowances! The Iowa 
Breakfast Studies demonstrated that a basic cereal and 
milk breakfast was nutritionally efficient for Ge young 
and old alike. 


Recommended Daily Dietary Allowances* and the Nutritional Contribution of a Basic Cereal 


and Milk Moderate Low-Fat Breakfast 


Menu: Orange Juice—4 oz.; 


Cereal, dry weight—I 02z.; 

Whole Milk—4 oz.; Sugar—I1 teaspoon; 
Toast (white, enriched)—2 slices ; 
Butter—5 gm. (about I teaspoon); 


Nonfat Milk—8 oz. 

Vitamin Niacin Ascorbic 
Nutrients Calories Protein Calcium fron A Thiamine Riboflavin equiv. Acid 
Totals supplied by 
Basic Breakfast 503 20.9 gm. 0.532 gm. 2.7 mg. S881.U. 0.46 mg. 0.80 mg. 7.36 mg. 65.5 mg. 
Recommended Die 
Years (49 kg.—108 Ib.) 2600 80 gm. 1.3 gm. 15mg. SOOOLU. 1.3mg. 2.0 mg. 17 mg. 80 mg. 
Percentage Contributed 
by Basic Breakfast 19.3% 26.1% 40.9% 18.0% 118% 35.4% 40.0% 43.3% 81.9% 


Cereal Institute, Inc.: Pekier | Source Book, 

Chicago: Cereal Institute, Inc., 1959. 

Food & Nutrition Bd.: Recommended Dietary Allowances, Revised 1958. 
Natl. Acad. Sci.—Natl. Research Council Publication 589, 1958, 

Watt, B. K., and Merrill, A. L.: Composition of Foods—Raw, 
Processed, Prepared, U. S.D.A. Agriculture Handbook No. 8, 1950. 


* The allowance levels are intended to cover individual variations 
among most normal persons as they live in the United States under 
usual environmental stresses. Calorie allowances apply to 
individuals usually engaged in moderate physical activity. For 
office workers or others in sedentary occupations they are excessive, 

djustments must be made for variations in body size, age, 
physical activity, and environmental temperature. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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REPRINT ORDER 
FORM 


THE AMERICAN JOURNAL 
OF MEDICINE 


11 E. 36th St., New York 16, N. Y. 


Please’ send me the following 
reprints from THE AMERICAN 
JOURNAL OF MEDICINE. 


SEMIN ARS 
[] Atterey (1956) $2.00 


Diszasz oF THE PANCREAS 


(1956) $2.00 


Bong Disgasz (1957) $2.00 
Liver (1958) 2.00 


Mycotic INFEcTIONS 


(1959) $3.00 
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CARDIAC 
WOUND 


Modern saluretics may seem to have made un- 
limited salt intake possible for cardiac and 
hypertensive patients. Yet despite the improve- 
ments in diuretic therapy, sodium restriction 
is still important in the prophylaxis of edema. 
The wise physician does not add needlessly to 
the burden of his patient, nor test unneces- 
sarily the power of the drugs he prescribes. It 
makes good sense to him to prescribe DIASAL 
—which looks, tastes and flavors food exactly 


like salt . . . but is sodium free. 


Diasal contains potassium chloride, glutamic acid and 
inert ingredient:. Supplied in shakers and 8 oz. bottles. 


® 


sodium-free salt substitute 


FOUGERA 


E. Fougera & Co., Inc. * Hicksville, New York 


STATEMENT OF OWNERSHIP 


STATEMENT REQUIRED BY THE ACT OF 
CONGRESS OF AUGUST 24, 1912, AS AMENDED 
BY THE ACTS OF MARCH 3, 1933, AND JULY 
2, 1946 (Title 39, United States Code, Section 233) 
showing the ownership management, and circulation of 

The American Journal of Cardiology, published 
monthly at New York, N. Y., for Oct. 1, 1960. 

1. The names and addresses of the publisher, vice 
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ublisher, The American Journal of Medicine, Inc., 
11 E. 36th St., New York 16, N. Y.; Vice President, 
Edward A. O’Rorke, 466 Lexington Ave., New York 
17, N. Y.; Publisher, Pliny A. Porter, 11 East 36th St., 
New York 16, N. Y.; Editor, Simon Dack, M.D., 1111 
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2. The owner is: (If owned by a corporation, its 
name and address must be stated and also immedi- 
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names and addresses of the individual owners must be 
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individual member, must be given.) The Reuben 
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Lifts depression...as calms anxiety! 


For cardiovascular patients—a smooth, balanced action that 


Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


lifts depression as it calms anxiety...rapidly and safely 


Balances the mood—no “seesaw” effect of 
amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers 
may stimulate the patient — they often 
aggravate anxiety and tension. And 
although amphetamine-barbiturate combi- 
nations may counteract excessive stimula- 
tion — they often deepen depression. 


In contrast to such “seesaw” effects, Deprol 
lifts depression as it calms anxiety — both 
at the same time. 


Dosage: Usual starting dose is 1 tablet q.i.d. When necessary, 


this may be gradually increased up to 3 tablets q.i.d. 


Acts swiftly—the patient often feels better, 
sleeps better, within two or three days. 
Unlike most other antidepressant drugs, 
Deprol relieves the patient quickly — often 
within two or three days. 


Acts safely — no danger of hypotension. 
Deprol does not cause hypotension, tachy- 
cardia, jitteriness, or liver toxicity. It can 
be safely administered with basic cardio- 
vascular therapy. 


“Deprol* 


Composition: 1 mg. 2-diethylaminoethyl benzilate hydrochloride 


(benactyzine HCl) and 400 mg. meprobamate. 


Supplied: Bottles of 50 light-pink, scored tablets. Write for 


literature and samples. 


\ WALLACE LABORATORIES 
WW, Cranbury, N. J. 
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ISIS 


An instructive new seminar 


that presents recent clinical findings on 


MYCOTIC INFECTIONS 


This seminar contains: 


Current Concepts of Diagnostic Serology and Skin Hypersensitivity in the Mycoses. 
S. B. Satvin, px.p., Hamilton, Montana. 
From the U.S. Department of Health, Education, and Welfare, Public Health Service, National 
Institutes of Health, National Institutes of Allergy and Infectious Diseases, Rocky Mountain 
Laboratory, Hamilton, Montana. . 


09090 0020 202020 2090 
AS 


4 


'The Course and Prognosis of Histoplasmosis. 
Harry Rustin, m.p., Micuaet L. Furco.ow, m.v., Kansas City, Kansas, J. Lewis YATEs, M.D. and 
Cartes A. BrasHer, M.D., Mount Vernon, Missouri. 
From the Kansas City Field Station, Communicable Disease Center, Bureau of State Services, 
Public Health Service, U.S. Department of Health, Education, and Welfare, University of Kansas 
School of Medicine, Kansas City, Kansas, and the Missouri State Sanatorium, Mount Vernon, 
Missouri. 
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Aspergillosis. A Review and Report of Twelve Cases. 
Sypney M. Fineco p, m.D., Drake WILL, M.D., and Joun F. Murray, Los Angeles, California. 


From the Department of Medicine, Wadsworth Hospital, Veterans Administration Center, Los 
Angeles, and Department of Medicine and Pathology, University of California Medical Center, 
Los Angeles, California. 
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The Use of Amphotericin B in the Treatment of Coccidioidal Disease. 
Wiis A. Winn, M.D., Springville, California. 
From the Department of Medicine, Tulare-Kings Counties Hospital, Springville, California. 
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North American Blastomycosis. 
E. Ricuarp Harre M.D. and Artuur Curtis, M.D., 4nn Arbor, Michigan. 


From the Department of Dermatology, University of Michigan Medical Center, and the V.A. 
Hospital, Ann Arbor, Michigan. 


KEELER 


Cryptococcosis (Torulosis). Current Concepts and Therapy. 
M. L. Littman, m.D., PH.D., New York, New York. 


From the Departments of Microbiology and Medicine, the Mount Sinai Hospital, New York, 
N. Y. These studies were supported in part by research grants from the Squibb Institute for 
Medical Research and the National Science Foundation. 


BIS 
BER 


Actinomycosis and Nocardiosis. A Review of Basic Differences in Therapy. 


Joseru W. Peasopy, Jr., M.v., Washington, D.C., and Joun H. Seasury, m.v., New Orleans, Loui- 
siana. 
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[Fully illustrated—Many references included] 


The Seminar on Mycotic Infections originally appeared in The American Journal 
of Medicine and is now available in bound library reference form at $3.00 per copy. 


THE AMERICAN JOURNAL OF MEDICINE 
11 East 36th Street . New York 16, N. Y. 
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this hypertensive 
SIngOSerp... 
and so does 
his physi¢ian 


Photo used with patient’s permission. 


Patient’s comment: ‘‘The other drug [whole root rauwolfia] made me feel lazy. | just didn’t feel 
in the mood to make my calls. My nose used to get stuffed up, too. This new pill [Singoserp] 
doesn't give me any trouble at all.”’ 


Clinician’s report: J. M., a salesman, had a 16-year history of hypertension. Blood pressure at 
first examination was 190/100 mm. Hg. Whole root rauwolfia lowered pressure to 140/80 — 
but side effects were intolerable. Singoserp, 0.5 mg. daily, further reduced pressure to 130/80 
and eliminated all drug symptoms. 


Many hypertensive patients and their physicians 


prefer Singoserp because it usually lowers 
blood pressure without rauwolfia side effects 


SUPPLIED: Singoserp Tablets, 1 mg. (white, scored). Also available: Singoserp®-Esidrix® Tablets #2 (white), each con- 
taining 1 mg. Singoserp and 25 mg. Esidrix; Singoserp®-Esidrix® Tablets #1 (white), each containing 0.5 mg. Singoserp 
and 25 mg. Esidrix. Complete information sent on request. 

Singoserp® (syrosingopine CIBA) Singoserp®-Esidrix® (syrosingopine and hydrochlorothiazide CIBA) CIBA 
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sGapted to 
‘different needs Tr omexan 


brand of ethyl biscoumacetate 


brand of acenocoumarol 


Geigy 


Tromexan is distinguished by rapid onset 
of hypoprothrombinemic effect and by an 
equally rapid decline. It is particularly 
indicated when either prompt anticoag- 
ulant effect is imperative or termination of 
therapy is required, as for surgical 
intervention. 


Sintrom has a rate of action intermediate 
between that of Tromexan and Dicumarol.® 
It is noted for the ease with which qa 
stable prothrombin response can 

be maintained on uniform daily dosage. 
Consequently it is exceptionally well 
adapted to long-term therapy. 


‘Tromexan®, brand of ethyl biscoumacetate: Scored tabiets 
of 150 mg. and 300 mg. Sintrom®, brand of acenocoumarol: 
Double-scored tablets of 4 mg. 


Geigy, Ardsley, New York 
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CARDIAC ARREST 


CAN HAPPEN IN YOUR HOSPITAL 


Electrodyne E-11 | 


Combination External 


_ Defibrillator and Pacemaker 


Cardiac Arrest, always a serious 
occurrence, can strike without warn- 
ing at any time in any hospital... 
in your hospital. 

To combat cardiac standstill, ven- 
tricular fibrillation and other car- 
diac arrhythmias due to anesthesia, 
Stokes-Adams disease or other 
causes, Electrodyne presents a com- 
plete line of proven instruments for 
detection and automatic treatment 
of Cardiac Arrest. 


Miniature AlkTransistor 
Portable Cardiac 
Pacemaker Electrody 


For detailed information on all Electrodyne equipment, write: 


In 


20 ENDICOTT STREET 
NORWOOD, MASSACHUSETTS 


Defibrillator — Model No. 43 


here are some of the ways hypertensive patients 


benefit when you prescribe DIVES 


fewer 
side 
effects 


anxiety 


headache, 
and tension 


dizziness, palpitations 


are and tachycardia 
allayed are usually relieved 
anginal pain may be 
Sy and severity 
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DIUPRES-250 DIUPRES-500 


250 mg. DIURIL (chiorothiazide), 500 mg. DIURIL (chlorothiazide), 
0.125 mg. reserpine per tablet. 0.125 mg. reserpine per tablet. 
One tablet one to four times a day. One tablet one to three times a day. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., !NC., WEST POINT, PA. 


DIUPRES and DIURIL are trademarks of Merck & Co., Inc. 
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Doctor, do you feel that your colleagues are missing 


important new developments in cardiology by not 


reading The American Journal of Cardiology? 


Let us send them a complimentary copy—of 


course there is no obligation to you or your 


colleagues. Just fill out the coupon and mail 


it to us. 


Dr. 


Address 


Dr. 


Address 


Dr. 


Address 


Your Name 


Address 


10/60 


The American Journal of Cardiology 


11 EAST 36th STREET 


NEW YORK 16, N. Y. 
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for cardiac arrhythmias... obvious advantages 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronestyl offers obvious advantages over quinidine and procaine in the management of cardiac 

arrhythmias: “Procaine amide [Pronestyl] should be the drug of choice in arrhythmias of ventricular 

origin.” '—on oral administration, side effects are less marked than with quinidine—administered 

|. V., Pronestyl is saferthan a corresponding |.V. dose of quinidine—administered |. M., Pronestyl acts 

faster than |. M. quinidine?—Pronestyl sometimes stops arrhythmias which have not responded to 

quinidine*:4—Pronestyl may be used in patients sensitive to quinidine—more prolonged action, less 
_ toxicity, less hypotensive effect than procaine—no CNS stimulation such as procaine may produce. 2 


Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 
For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 cc. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454, 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100, 1951. 4. Miller, H., et al.: J.A.M.A, 146:1004, 1951. x 
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Squibb Quality—the Priceless Ingredient 


1S A SQUIBB TRADEMARK 
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safe and practical treatment 
of the postcoronary patient 


A basic characteristic of the postcoronary patient, 
whether or not cholesterol levels are elevated, is his 
inability to clear fat from his blood stream as rapidly 
as the normal subject.'-> Figure #1 graphically illus- 
trates this difference in fat-clearing time by compar- 
ing atherosclerotic and normal subjects after a fat 
meal.3 


“Slow clearers” gradually accumulate an excess of 
fat in the blood stream over a period of years as 
each meal adds an additional burden to an already 
fat-laden serum. As shown in figure #2, the blood 
literally becomes saturated with large fat particles, 
presenting a dual hazard to the atherosclerotic 
patient: the long-term danger of deposition of these 
fats on the vessel walls, and the more immediate 
risk of high blood fat levels after a particularly 
heavy meal possibly precipitating acute coronary 
embarrassment.5 


In figure. #3, the test tube at the left contains lipemic 
serum, while the one at the right contains clear, or 
normal serum. If serum examined after a 12-hour 
fasting period presents a milky appearance, this is 
a strong indication that the patient clears fat slowly 
and is a candidate for antilipemic therapy in an 
effort to check a potentially serious situation. 


‘Clarin’, which is heparin in the form of a sublingual 
tablet, has been demonstrated to clear lipemic 
serum.?-6.7 Furthermore, a two-year study using 
matched controls resulted in a statistically significant 
reduction of recurrent myocardial infarction in 130 
patients treated with ‘Clarin’.® 


‘Clarin’ therapy is simple and safe, requiring no clot- 
ting-time or prothrombin determinations. Complete 
literature is available to physicians upon request. 


References: 1. Anfinsen, C. B.: Symposium on Atherosclerosis, 
National Academy of Sciences, National Research Council Publication 
338, 1955, p. 218. 2. Berkowitz, D.; Likoff, W., and Spitzer, J. J.: 
Clin. Res. 7:225 (Apr.) 1959. 3. Stutman, L. J., and George, M.: 
Clin. Res. 7:225 (Apr.) 1959. 4. Wilkinson, C. F., Jr.: Annals of Int. 
Med. 45:674 (Oct.) 1956. 5. Kuo, P. T., and Joyner, C. R., Jr.: 
J.A.M.A. 163:727 (March 2) 1957. 6. Fuller, H. L.: Angiology 9:31 

(Oct.) 1958. 7. Shaftel, H. E., and Selman, D.: Angiology /0:131 
(June) 1959. & Fuller, H. L.: Circulation 20:699 (Oct.) 1959 


Clarin 


(sublingual heparin potassium, Leeming) 


Fig. 
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Atherosclerotic Subject 


Indication: For the management of 
hyperlipemia associated with atheroscle- 
rosis, especially in the postcoronary 
patient. 


Dosage: After each meal, hold one tablet 
under the tongue until dissolved. 


Supplied: ‘Clarin’ is supplied in bottles 
of 50 pink, sublingual tablets, each con- 
taining 1500 I.U. of heparin potassium. 


*Registered trade mark. Patent applied for. 


New York 17, N. Y. 
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just 
tablets 
at bedtime 


In Hypertension In Anxiety States Compatible with other anti- 
Simplicity of control basedon Rauwiloid is outstand- hypertensive medications. Po- 
negligible incidence of serious ing foritscalming,non- __tentiates therapeutic action of 
side actions, simplicity ofdos- soporific sedation in more potent agents and permits 
. age, and applicability to a anxiety states...withor their use in reduced and better 
wide range of patients. without hypertension. tolerated dosage. 


When more potent hypotensive action is needed, pre- 
scribe one of these convenient single-tablet combinations 


Rauwiloid® + Veriloid® or Rauwiloid® + Hexamethonium 
alseroxylon 1 mg. and alkavervir 3 mg. alseroxylon 1 mg. and hexamethonium 
chloride dihydrate 250 mg. 
Patients with severe hypertension often can be main- . 
tained on Rauwiloid alone after desired blood pressure Northridge, California 
levels are reached with combination medication. 
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